Factors affecting the trophic state of Iowa lakes by Hatch, Lorin Kent
Retrospective Theses and Dissertations
1992
Factors affecting the trophic state of Iowa lakes
Lorin Kent Hatch
Iowa State University
Follow this and additional works at: http://lib.dr.iastate.edu/rtd
Part of the Terrestrial and Aquatic Ecology Commons, and the Water Resource Management
Commons
This Thesis is brought to you for free and open access by Digital Repository @ Iowa State University. It has been accepted for inclusion in Retrospective
Theses and Dissertations by an authorized administrator of Digital Repository @ Iowa State University. For more information, please contact
digirep@iastate.edu.
Recommended Citation
Hatch, Lorin Kent, "Factors affecting the trophic state of Iowa lakes" (1992). Retrospective Theses and Dissertations. Paper 16978.
Factors affecting the trophic state of Iowa lakes 
by 
Lorin Kent Hatch 
A Thesis Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
MASTER OF SCIENCE 
Department: Animal Ecology 
Major: Animal Ecology (Limnology) 
Signatures have been redacted for privacy 
iversity 
Ames, Iowa 
1992 
n 
TABLE OF CONTENTS 
ABSTRACf 
INTRODUCTION 
Iowa Lake Studies 
World Lake Studies 
Reasons For A New Study 
Objectives 
MEIHODS 
1979 Survey Methods 
1990 Survey Methods 
PART 1. WATER QUAUTY SUMMARY FOR IOWA 
LAKES IN 1979 AND 1990 
General Trends in Water Quality 
Relationships Between Water Quality Parameters 
Evaluation of Lake Ranking System 
PART II. ASSESSING THE USE OF LAKE MORPHOMETRY 
AND WATERSHED CHARACTERISTICS AS 
PREDICITVE TOOLS 
Lake Origin and Geographic Location 
Mean Depth 
Maximum Effective Fetch 
Watershed Area to Lake Area Ratio 
Phosphorus Loading Models 
Model Development 
Model~cu1ations 
Data Analysis 
Implications 
Page 
IV 
1 
1 
3 
5 
6 
7 
7 
7 
13 
13 
18 
33 
45 
45 
50 
58 
64 
70 
70 
70 
71 
73 
111 
DISCUSSION 77 
Lake and Data Variability 77 
Trophic State versus Water Quality 78 
Implications for Lake Management 79 
Implications for New Lake Planning 80 
LITERATURE CITED 82 
ACKNOWLEDGEMENTS 88 
APPENDIX A. LAKE SURVEY MEANS AND INDIVIDUAL LAKE DATA 89 
A.1 1979 Lake Survey Summer Means 89 
A.2 1990 Lake Survey Summer Means 92 
A.3. 1990 Individual Lake Data 98 
APPENDIX B. PHOSPHORUS LOADING PARAMEfERS 131 
IV 
ABSTRACT 
Ninetly-five Iowa lakes were surveyed for water quality indicators of eutrophication during the 
summer of 1990, including many sampled in the 1979 Iowa Clean Lakes Classification study. 
Secchi disk depth, total and inorganic suspended solids, chlorophyll ii, total phosphorus, and 
total nitrogen were measured during the 1990 survey. Iowa lakes were found to be highly 
eutrophic, but highly variable with respect to traditional indicators of eutrophication. Water 
transparency was best predicted by total suspended solids concentration, while other water 
quality relationships were not as precise. High levels of precipitation during the year led to high 
levels of total and inorganic suspended solids, which may have obscured water quality 
parameter relationships. Lake morphometry and watershed characteristics were evaluated as 
predictive tools with respect to water quality. Lakes on the Des Moines glacial lobe had higher 
levels of nitrogen and phosphorus. Lake mean depth held the most promise with respect to 
water quality prediction, while maximum effective fetch and watershed area to lake area ratios 
did not predict water quality with satisfactory results. Phosphorus loading models were also 
examined for Iowa lakes, but water quality correlations were lower than has been reported in 
the literature although they fell within expected errors. The sampling scheme, estimation of 
certain parameters, and the similarity of Iowa's lakes may have also contributed to much of the 
data variability. Trophic state and water quality were found not to be closely related in many 
Iowa lakes where poor water transparency is due more to suspended inorganic particles rather 
than algal biomass. Considerations for lake management and planning for improved water 
quality include mean depths greater than 4 meters, low watershed area to lake area ratios, and 
low maximum effective fetches. 
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INTRODUcnON 
The trophic state of a lake may be defmed as the rate at which organic matter is supplied 
by (autochthonous inputs) or to (allochthonous inputs) the lake per unit time (Wetzel 1983). 
Broad categories of lake trophy have been established, the two most generally recognized being 
eutrophic and oligotrophic. A eutrophic lake tends to have a high level of productivity while an 
oligotrophic lake tends to have a low level of productivity. Changes in the degree of nutrient 
input to a lake, whether by human or natural causes, may result in a change of the lake's 
productivity. An increase in lake productivity, otherwise known as eutrophication, can lead to 
massive algal blooms, which reduce the level of water quality desirable for drinking water, 
swimming, and the aesthetic value of the lake. Whether eutrophication is or is not a problem in 
Iowa lakes is of concern for lake managers throughout the state. 
There have been several studies on Iowa lakes, the majority of which took place in the 
1970s and early 1980s (Bachmann & Jones 1974; Jones & Bachmann 1974; Jones & 
Bachmann 1975; Bachmann & Jones 1976; Jones & Bachmann 1976; Jones & Bachmann 
1978a; Jones & Bachmann 1978b; Jones & Bachmann 1978c; Canfield et al. 1982). A large 
effort was undertaken in 1979 when an Iowa lake survey was conducted for the Clean Lakes 
program of the U.S. EPA, which was summarized in a report issued by Bachmann et al. 
(1980). The results of these studies have shown that Iowa's lakes have an extremely high level 
of eutrophication, among the highest in the world according to Paulsen (1982). An EPA study 
(Omemik 1977) showed that Iowa streams contained some of the highest levels of phosphorus 
and nitrogen in the United States, which may become a nutrient source for algae in Iowa's 
lakes. 
Although these studies have shown that all of Iowa's lakes fall into the category of 
eutrophic, there is still a great deal of variability from the best water quality lakes to the worst 
water quality lakes. Valuable insight into the problem of eutrophication in Iowa's lakes can be 
gained by examining the results of the previous studies on Iowa lakes. 
Iowa Lake Studies 
A study of six lakes in northwestern Iowa took place from 1971 to 1973, which 
signified the first major effort to evaluate Iowa lakes in recent times. Jones and Bachmann 
(1974) conducted a generallimnological survey by examining such things as morphometry, 
watershed characteristics, water transparency, water chemistry, and algal crops. They 
concluded that lake West Okoboji experienced an increase in eutrophication from the 1920s to 
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the 1970s as evidenced by a drop in hypolimnetic oxygen concentration. The six lakes were 
ranked based on plant-nutrient concentrations, summer algal crops, and water transparency. 
Watershed area to lake volume ratios were deemed the cause for the differences seen between 
the lakes (due to annual nutrient dilution). 
Bachmann and Jones (1974) furthered the understanding of these lakes by attributing 
summer algal crops to ratios in annual total phosphorus input to lake volume. Secchi disk 
depth, chlorophyll g, and total phosphorus relationships were established. These relationships 
indicated that phosphorus inputs would have to be reduced to extremely low levels before 
significant increases in water transparency would be achieved. 
Stream nutrient inputs were examined by Jones and Bachmann (1975) in four of the six 
northwestern Iowa lakes in an attempt to correlate phosphorus budget information with algal 
biomass. Significant relationships were attained between potential nitrogen and summer 
chlorophyll a and for potential phosphorus and summer chlorophyll ~ 
In 1975, sixteen lakes throughout Iowa were examined for water quality characteristics 
(Bachmann and Jones 1975), which revealed that high average chlorophyll a concentrations 
were accompanied by poor Secchi disk depth values. The results of this study, along with an 
associated study which included an additional 127 lakes from around the world (Jones and 
Bachmann 1976), showed a high correlation between algal levels and summer total phosphorus 
concentrations (r2 = 0.95) and measured chlorophyll a and predicted total phosphorus (r2 = 
0.89). After determining that Iowa's lakes were limited by phosphorus (high concentrations of 
planktonic algae were to be expected due to the large concentration of phosphorus in Iowa's 
land runoff), they began to apply phosphorus loading models to Iowa lakes. A sedimentation 
coefficient for the Vollenweider loading model (Vollenweider 1969) was determined which led 
to good phosphorus concentration estimation. It was also found that artificial lakes in Iowa had 
higher sedimentation rates than natural lakes, which could lead to overestimation of the 
predicted phosphorus values. 
These greater sedimentation rates were determined to solve this discrepancy (Jones and 
Bachmann 1978a). Several central Iowa reservoirs were surveyed, and the rates were re-
applied to the phosphorus loading model with better success. 
A large survey of Secchi disk transparency indicated that limits in water transparency 
were due more to algal density than to suspended inorganic matter, although some artificial 
lakes had poorer Secchi disk depths in the spring due to high suspended solids associated with 
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runoff (Jones & Bachmann 1978b). These lakes cleared up, however, after the suspended 
matter settled later in the year. 
Glacial geology and lake origin were determined to have an effect on the water quality 
in Iowa's lakes (Jones and Bachmann 1978c). Lakes on the Des Moines Lobe of the most 
recent Wisconsinian glaciation had greater total ion concentrations than lakes off of the lobe, 
and a similar distribution was found with respect to total nitrogen concentrations. Artificial 
lakes were found to have better water quality than natural lakes due to differences in the 
dynamics of the phosphorus cycles. 
The Iowa Clean Lakes Study of 1979 represented a massive effort to classify Iowa's 
lakes according to lake water quality for the U.S. EPA Clean Lakes Program (Bachmann et aI. 
1980). A total of 107 lakes across Iowa were sampled during the summer for water quality, 
watershed characteristics, and lake use. All lakes were determined to be eutrophic (Wetzel 
1983), with watershed soil runoff contributing the greater part of the nutrients. Lakes were 
ranked according to their water quality and their potential to be restored. 
A study of phosphorus sedimentation rates on four natural and four artificial lakes in 
Iowa generally represents the end of intensive lake studies in Iowa up to the present time 
(Canfield et aI. 1982). It was determined that the phosphorus sedimentation rates did not 
significantly differ between the natural lake group and the artificial lake group, but there were 
significant differences among individual lakes. Phosphorus sedimentation rates were strongly 
correlated with inorganic sediment concentrations and inorganic matter sedimentation rates. 
World Lake Studies 
Attempts to predict the trophic state of lakes have been going on for decades, with 
much of the early work being accomplished by German limnologists. Thienemann (1927) was 
one of the first investigators to suggest that basin shape affected lake productivity, most 
notably lake mean depth. Naumann (1929) expanded these ideas to come up with the 
classifications of eutrophic and oligotrophic, based largely upon lake types and plankton 
populations. Edaphic (chemical) and morphometric factors determining oligotrophy were later 
distinguished by Lundbeck (1934). 
These concepts were applied to North American lakes when Rawson (1939, .1942) 
combined Lundbeck's ideas with climatic factors as variables that affect lake productivity. 
Rawson went on to demonstrate a high correlation between mean depth and annual fish harvest 
for the Laurentian Great Lakes along with several large lakes in central and western Canada 
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(Rawson 1952). Technological improvements in the estimation of primary production allowed 
for further refmement of these concepts. In Japan, Sakamoto (1966) established a significant 
correlation between chlorophyll concentration and mean depth, and also demonstrated that 
shallower lakes had higher productivity than deeper lakes. 
Total dissolved solids concentration, along with mean depth, were shown to hold 
promise as good estimators of productivity by Northcote & Larkin (1956), although the 
relationships were partially obscurred by other factors at work in the Canadian British 
Columbia lakes surveyed. Ryder (1965) divided total dissolved solids concentration by mean 
depth to form a new variable, the "morphoedaphic" index, which was significantly correlated 
with fish production. Ogelsby (1977) went on to show that fish production could be better 
estimated by combining the use of the morphoedaphic index along with chlorophyll 
concentration and primary productivity estimations. 
A significant achievement in the determination of factors controlling trophic state came 
with the development of nutrient-loading models by Vollenweider (1969). The degree of 
eutrophication a lake might expect to attain (summer phosphorus concentration and subsequent 
algal development) could be estimated by knowing a lake's mean depth, areal phosphorus 
loading, phosphorus sedimentation rate, and hydraulic flushing rate. The establishment of 
phosphorus as the most likely limiting nutrient was a major achievement, basically putting to 
rest the idea of carbon as the most limiting nutrient (American Society ofUmnology and 
Oceanography 1972). 
This led to greater success in the field of lake management, with Lake Washington as a· 
notable example (Edmondson 1972). Human-induced eutrophication was reversed when 
treated sewage effluents were diverted from flowing into this lake in the northwest United 
States, as was shown by lowered levels of phosphate ~d chlorophyll along with higher Secchi 
disk depths and hypolimnetic oxygen concentrations. Research on Lake Tahoe (Goldman 
1975), an ultra-oligotrophic lake along the California-Nevada border, demonstrated that 
although the major sources of sewage had been diverted, subtle human affects such as soil and 
vegetation disturbance could still contribute to the lake's ongoing eutrophication. 
Summer chlorophyll a concentration was predicted by total phosphorus at spring 
overturn for lakes in southern Ontario with great success by Dillon & Rigler (l974a), further 
advancing the groundwork laid by Vollenweider. Jones & Bachmann (1976) achieved similar 
results using Iowa lakes along with lake data from the literature. Nicholls & Dillon (1978) 
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refmed these ideas further by using summer average algal cell volume rather than chlorophyll i! 
content to better predict phytoplankton biomass in Ontario lakes. 
The quantitative classification oflakes according to trophic state has been attempted 
with numerical trophic state indices, most notably that of Carlson (1977). His trophic state 
index is based on a scale of 0 to 100, with each ten unit increase representing a doubling in 
algal biomass. Secchi disk transparency, chlorophyll concentration, or total phosphorus 
concentration could be used for the calculation of the index number. 
The ecoregion concept has recently been applied in an attempt to improve the 
classification of lakes. The basic idea of the ecoregion concept is that a lake will reflect the land 
use patterns and soil characteristics of its watershed. Ongoing efforts in the field of lake 
management have taken this idea into consideration in an attempt to attain water quality goals 
(Heiskary & Wilson 1989). 
Reasons For A New Study 
A new study of Iowa lakes seemed warranted for several reasons. One reason is that 
there was essentially no replication of the lake sampling survey that took place in 1979. Thus 
random error might be playing a large role in affecting results, and there is a good possibility 
that the lakes exhibit year-to-year variation associated with differing amounts of precipitation. 
Additionally, there may be changes in the lakes in the 11 years since the last study. Such 
changes might include sediment buildup in the reservoirs and changes in lake water depth in all 
lakes. Another reason is that studying a data set by itself biases the person conducting the 
statistical analyses towards drawing only upon previously-develOped ideas. This person should 
visit the lakes in order to come up with new hypotheses to explain lake differences. Locational 
differences associated with each lake may provide the key to the problem. 
Although the determination of the sources of these lake differences is an impetus for 
scientific inquiry itself, there are immediate practical applications for such knowledge. The 
Iowa Department of Natural Resources has been carrying out lake restoration programs in 
which an intensive study of a lake's properties takes place before any major remedies are 
attempted. The planning of new lakes is being undertaken, also. The 1990 lake survey may 
provide useful insights for restoring lakes or planning new lakes more effectively. 
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Objectives 
My specific objectives were to: (1) describe the trophic state oflowa lakes, (2) 
determine causal factors where possible, and to (3) apply the results to ideas for lake 
restoration projects and how to evaluate new lake sites. 
7 
MEIHODS 
1979 Survey Methods 
During the 1979 survey (Bachmann et al. 1980) a total of 107 lakes were monitored, 
each lake being visited three times from late June through early October. Three sites on each 
lake were chosen for sampling, one of which was the deepest part of the lake. Water samples 
were collected by using a VanDorn or Kemmerer bottle. Three to six water samples were 
collected at approximately 2 m intervals through the water column in unstratified lakes, while 
three samples were taken in the mixing layer and one sample in the hypolimnion in stratified 
lakes. Samples were stored on ice until laboratory analysis. 
For the purpose of brevity, only the tests comparable to the 1990 survey will be 
discussed, although there were more parameters included in the 1979 survey. 
Secchi disk readings were taken during each lake sampling. Chlorophyll ~ 
concentrations were determined by extracting the pigment with 90% acetone and using the 
trichromatic spectrophotometric method (American Public Health Association 1976). 
Suspended solids, inorganic suspended solids, and total phosphorus concentrations were 
determined by methods comparable to the 1990 survey methods. Analysis for the various 
nitrogen species took place only once during the 1979 survey, thus no summer means were 
available for nitrogen and it was not included in the present analysis of data. 
Lake contour maps were used to determine lake surface area, volume and mean 
depth. It should be noted here that I found that some of the scales in the legends on the 
small maps in the published document of the 1979 study (Bachmann et al. 1980) were 
incorrect, though this did not affect their morphometric measurements since they were 
made from the large scale originals. I attained the original full-sized maps, made 
appropriate measurements, and corrected the reduced-map scales before I made any 
measurements. Lake watershed areas were determined by using USGS topographic maps. 
1990 Survey Methods 
I monitored a total of 95 lakes from mid-May through mid-August. They are located 
throughout all ofIowa except the northeast section of the state (Figure 1). Missouri River 
oxbow lakes and a few other lakes from the 1979 survey were excluded because they are in 
isolated parts of the state and would have been difficult to include in the survey due to time 
constraints. 
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All lakes were sampled on a monthly basis, with five to seven lakes being visited 
each day. Thus each lake was sampled three times, at approximately monthly intervals. 
Sampling runs of four to five days were undertaken due to the wide distribution of lakes 
throughout the state. 
Water samples were taken at three locations, approximately 100 m apart, at each 
lake. One of the sites was at the greatest depth of the lake, where a Secchi disk reading and 
temperature profile were taken. A tube sampler made of a 305 x 2.5 cm piece of PVC 
tubing was used to collect a water sample of the mixed layer of the lake. This served as a 
composite sample that was representative of all depths that were mixed. More than one 
sample may have been needed at each location due to the shallowness of some lakes. For 
example, a sample at a depth of 1 meter would not yield enough water through the tube 
sampler to conduct all of the tests. The sample was poured into a bucket and mixed well. 
Total phosphorus and total nitrogen samples were placed into 50 ml and 25 ml 
(respectively) pr~washed screw-top glass tubes for later analysis. Since total phosphorus 
and total nitrogen were analyzed, there was no need to worry about inter-conversion 
between the various phosphorus and nitrogen forms within the sealed containers. 
Anaerobic denitrification to nitrogen gas was deemed unimportant, thus there was no need 
for concern about gaseous losses of either compound. One liter was placed on ice and 
saved for chlorophyll !!, total suspended solids, and inorganic suspended solids analysis. 
Thus there were 3 samples each of total phosphorus, total nitrogen, chlorophyll ~ total 
suspended solids, and inorganic suspended solids per lake visit. 
At the end of each sampling day, an oxidant (sodium persulfate) was added to the 
total nitrogen samples. The sample vials were then placed into a pressure cooker for 30 
minutes at 15 pounds of pressure in order to convert all forms of nitrogen to nitrate for later 
analysis. A water sample from each location was filtered through a 0.7 J.lm glass-fiber filter 
(just until the filter began to clog) for chlorophyll a analysis, using a low-pressure vacuum 
filtration apparatus. Each filter was placed on a labeled piece of absorbent paper. The paper 
was folded, secured with a paper clip, placed in a jar of desiccant, and stored on ice until 
laboratory analysis. A water sample from each location was also filtered (just until the filter 
began to clog) through a 1.5 J.lm glass-fiber filter that were pre-weighed (after combustion 
in a 500 C muffle oven) for total suspended and inorganic solids analysis. These filters 
were placed into individually-labelled foil envelopes and placed into a desiccant-lined 
plastic box for later analysis. 
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At the end of each sampling run, fmal analyses were conducted in the Limnology 
Research Laboratory at Iowa State University. Each chlorophyll filter was extracted in 5 ml 
of9O% ethanol according to the procedures of Sartory and Grobbelaar (1984). The tube 
holding the fIlter and the ethanol was heated to 78 C for 5 minutes and then extracted in the 
dark at room temperature for 24 hours to complete the extraction. Following extraction, the 
samples were transferred to a 1-cm cuvette for spectrophotometric analyses. Optical 
densities were read at 665 and 750 nm (see Appendix A.2 for an explanation of a correction 
factor that was used). The optical density at 750 nm (the turbidity correction) was 
subtracted from that at 665 nm. The difference was multiplied by 1l.7 to fmd the 
concentration of chlorophyll 9 in the extracting solution. This was multiplied times the 
volume of extractant used (5 ml) and divided by the number of liters of lake water fIltered. 
Multiplication times 1000 converted this measurement to milligrams per cubic meter of 
chlorophyll g. 
Total suspended solids fIlters were dried in a 104 C oven for 1 hour, weighed, then 
dried again until a constant weight was attained (American Public Health Association 
1989). Division of the weight difference by the volume oflake water filtered and 
multiplication by 1000 converted this measurement to milligrams per liter of total 
suspended solids. Inoganic suspended solids concentrations were detennined by igniting 
the total suspended solids filters in a 500 C muffle oven for 15 minutes (American Public 
Health Association 1989). The filters were then removed from the oven and allowed to 
cool. The filters were then transferred to a desiccator for final cooling before weighing. The 
difference between the pre-filtration fIlter weight and the final weight is divided by the 
volume of lake water filtered and multiplied by 1000 to arrive at the value for inorganic 
suspended solids in milligrams per liter. 
Total phosphorus samples were oxidized with ammonium persulfate in an autoclave 
to convert all the phosphorus to orthophosphate following the procedure of Menzel and 
Corwin (1965). This phosphorus was measured with the modified single solution method 
of Murphy and Riley (1962). The method was calibrated with a series of phosphorus 
standards run on the same day as the analyses. 
Total nitrogen samples (converted to nitrate) were analyzed using the technique of 
second derivative spectroscopy (Crumpton et al. 1992; Simal et al. 1985) on a Perkin-
Elmer Lambda 3B UVMS scanning spectrophotometer connected to a microcomputer. A 
copyrighted computer program developed by Softways Incorporated (Moreno Valley, CA) 
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was used to calculate the second derivatives. The method was calibrated with a series of 
nitrate standards run on the same day as the analyses. 
Precipitation and runoff values were obtained for specific lake regions for each water 
year (U.S. Environmental Data Service 1978, U.S. Environmental Data Service 1979, U.S. 
Environmental Data Service 1989, U.S. Environmental Data Service 1990, U.S. Geological 
Survey 1979, U.S. Geological Survey 1990). Iowa's counties are divided into nine 
climatological regions for record-keeping purposes, and I lumped the lakes that I sampled into 
these regions in order to estimate precipitation for each lake. Annual totals were taken during 
the specific water year (1979 or 1990) for convenience, which runs from October of the 
previous year to September of the stated year. An annual runoff value was taken from a stream 
from each of the nine districts. (Water Resources Data for Iowa 1979, Water Resources Data 
for Iowa 1990). A given stream was chosen because it had a relatively small drainage area, 
which I feel adequately represents the size of the drainage areas of the Iowa lakes surveyed. 
Both precipitation and runoff values for the nine regions are given in Table 1. One can see that 
all regions showed higher precipitation in 1979 than 1990 except in the northwest region. 
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Table 1. Precipitation and runoff values for the nine Iowa climatological regionsa 
1979 1990 
Region Precipitation (cm) Runoff (cm) Precipitation (cm) Runoff (cm) 
Northwest 82.93 23.70 66.42 3.81 
(Spencer) 
69.88 Averageb 
Northcentral 91.19 33.43 97.36 11.99 
(Klemme) 
Average 79.63 
Northeast 92.13 33.99 97.23 25.22 
(Elma) . 
Average 83.67 
Westcentral 73.71 14.94 83.21 12.70 
(Pisgah) 
Average 76.02 
Central 86.36 32.89 108.48 32.99 
(Ames) 
Average 81.56 
Eastcentral 91.16 42.04 107.04 26.97 
(Ladora) 
Average 87.58 
Southwest 80.62 22.53 85.19 12.50 
(Stanton) 
Average 84.10 
Southcentral 72.42 22.33 99.29 23.72 
(Chariton) 
Average 86.56 
Southeast 83.95 21.84 98.76 28.83 
(Oakland Mills) 
Average 89.10 
astream stations where runoff values were taken are indicated in parentheses. 
byearly precipitation average (1951-1980) for the nine Iowa climatological regions. 
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PART I. WATER QUALITY FOR IOWA LAKES IN 1979 AND 1990 
The 19791ake survey included 107 Iowa lakes sampled between July and October 
of that year, while the 1990 survey included 95 lakes sampled between May and August, 
so both surveys included the months of July and August when algal chlorophylls tend to be 
at their peak in Iowa lakes. Complete data tables are located in Appendix A. There were 94 
lakes in common for 1979 and 1990, and the means for several measured variables are 
used in the comparisons that follow. The descriptive statistics for both lake surveys are 
presented in Table 2. Inorganic suspended solids and total nitrogen summer means were 
not available for the 1979 lake survey. Student t-tests showed that means for Secchi disk 
depth, total suspeneded solids, chlorophyll a, and total phosphorus were significantly 
different between the two years (p < 0.001). 
General Trends in Water Quality 
Water transparency is a good general water quality parameter that provides a quick 
but effective assessment of a lake's trophic condition. Average Secchi disk depth appears to 
have remained the same, with an increase of only 0.08 m from 1979 to 1990 (Figure 2). 
The distribution for both years appears to be about the same with around half a dozen lakes 
in 1990 having higher Secchi disk depths. 
Total suspended solids are most likely to affect water transparency, via the 
scattering and/or the absorption of light. Total suspended solids values increased two-fold 
on the average between 1979 and 1990, from 15.17 to 32.37 mgll (Figure 3). The 
distributions appear similar, but there are several lakes in 1990 which have relatively high 
concentrations of total suspended solids. 
Suspended solids are comprised of two fractions, organic and inorganic. Algal 
biomass comprises a part of the organic matter in Iowa lakes and can be estimated by 
chlorophyll !l measurement. Chlorophyll !l concentrations stayed about the same, 
decreasing only 2.37 mg/m3 from 1979 to 1990. Figure 4 reveals a relatively even 
distribution of chlorophyll!l concentrations throughout the entire range for 1979 values, 
while there is a larger range and more scattered distribution for the 1990 values. 
The other fraction of total suspended solids is inorganic suspended solids, which 
was analyzed because there was an abundance of suspended matter being washed into lakes 
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due to excessive rainfall in 1990. A mean value of 18.73 mgll was obtained for inorganic 
suspended solids, which is slightly over half the value of 32.37 mgll for total suspended 
solids. The distribution of values appears to be similar to that for total suspended solids 
(Figure 5). 
A major nutrient affecting the amount of chlorophyll i! is phosphorus. Total 
phosphorus values increased roughly 50% from 1979 to 1990 (Figure 6). In 1990, there 
are a larger number of lakes with more than 175 mglm3 of total phosphorus than in 1979. 
Additionally, there were no lakes in 1990 having concentrations less than 25 mg/m3. 
The total nitrogen to total phosphorus ratio has been used to determine whether a 
lake is limited by nitrogen or phosphorus. Sakamoto (1966) demonstrated that between 
ratios of 10 ~ TN:TP ~ 17, chlorophyll became increasingly dependent on phosphorus. 
Smith (1982) furthered this work by showing that phosphorus limitation occurs at ratios 
greater than 20. A mean value of 24.11 for Iowa lakes in 1990 (Table 2) implies that the 
majority of Iowa's lakes are phosphorus-limited. Most of Iowa's lakes fall above a ratio of 
10 (Figure 7), implying the presence or onset of phosphorus limitation. 
Another limiting nutrient in certain aquatic systems is nitrogen. Total nitrogen was 
measured once in the summer of 1979 lake survey. It was included in the 1990 survey (3 
sampling periods) to see what role it had in nutrient dynamics and how it varied with the 
other water quality parameters. A mean value of 3.3 mgll adequately describes the majority 
of the lakes (Figure 5), however there are a number of lakes with much higher values. 
Relationships Between Water Quality Parameters 
The most noticeable aspect of water quality, especially with respect to the public, is 
water transparency (Carlson 1980). I used the measurement of Secchi disk depth to estimate 
water transJmency. Secchi disk depth is highly correlated with total suspended solids (Figure 
8). Secchi disk depth decreases as total suspended solids concentration increases, which is 
intuitive because when there are more particles in the water, water transparency is reduced. 
There is still some scatter in the graph, which Carlson (1977) and Megard et al. (1980) might 
argue is to be expected due to particulate matter other than algae. Forsberg and Ryding (1980) 
agree that a scattered picture is what one should anticipate in this situation. 
This leads to the question of what influences total suspended solids concentration. This 
question can be deduced by dividing total suspended solids into an organic and an inorganic 
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fraction. Since a part of the organic matter in lakes is composed of algal biomass, chlorophyll ~ 
was chosen as an estimator of the organic fraction. The relationship between chlorophyll ~ 
and total suspended solids is positive in general, with a tighter relationship in 1979 than in 
1990 (Figure 9). Lambou et al. (1982) argue that that light attenuation due to particles other 
than algae can cause erroneous predictions of chlorophyll ~. A possible reason for the poor 
association in 1990 is the fact that there was a great deal of inorganic suspended matter present 
in 1990 due to heavy rainfall. This idea led me to see if inorganic suspended solids, rather than 
algal biomass, was reducing water transparency. Secchi disk depth decreases as inorganic 
suspended solids concentration increases (Figure 10), indicating that the latter parameter is 
noticeably affecting water transparency. An investigation by Hoyer and Jones (1983) on 
Midwest .reservoirs revealed that the presence of inorganic suspended matter affected the 
prediction of water quality parameters. They also regressed chlorophyll ~ and inorganic 
suspended solids concentrations to predict Secchi disk depth. I applied my 1990 data to their 
multiple regression technique, which can be seen in Figure 11. I achieved the same r-squared 
value whether I used their equation on my data or I generated my own multiple regression. 
However, the regression using only total suspended solids explained more of the variance than 
this multiple regression. Perhaps algal biomass would have yielded a better regression since it 
is what chlorophyll ~ is attempting to estimate. Jones and Bachmann (1978b) noted that 
reduced Secchi disk depths in Iowa in 1975 were due more to algal densites than to inorganic 
suspended solids. 
In contrast, the lower graph in Figure 10 reveals that there is a strong association 
between total and inorganic suspended solids. This is to be expected because inorganic 
suspended matter is by definition a part of total suspended matter. One can also note that over 
half of the total suspended matter was comprised of inorganic matter (Table 2). Heiskary and 
Wilson (1989) noted that the total suspended solids concentration in lakes in southern 
Minnesota was comprised of 40 to 50 percent inorganic suspended solids. Thus one can see 
that the chlorophyll ~ - total suspended solids relationship is weakened by the predominance of 
inorganic suspended matter. 
This leads one to ask what influences chlorophyll il concentration. It was mentioned 
previously that research on Iowa lakes has shown phosphous to be the most limiting nutrient 
with respect to production (Bachmann and Jones 1976). The relationship between these two 
parameters has been of great interest to investigators. Pioneering work took place in the middle 
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1970's, most notably by Dillon and Rigler (1974a) and Jones and Bachmann (1976). These 
research teams discovered a high correlation between these two water quality indices when 
lakes from broad geographical regions were analyzed. Schindler (1978) added to this line of 
investigation by noting that there may be latitudinal effects on this relationship. Variability 
between lakes in close proximity of one another may weaken the ability of global models to 
predict water quality (Prepas and Trew 1983, Pridmore et al. 1985), while in-lake variability 
may also reduce the effectiveness of these models (Smith and Shapiro 1981). There have been 
other investigations which have failed to achieve the high correlations attained by these research 
teams. Sakamoto (1966) noted that large phytoplankton blooms could result in self-shading, 
where algae at lower depths receive less light due to light attenuation. This condition could 
result iIi lower maximum standing crops of phytoplankton than one would expect to see for a 
given amount of phosphorus (Hickman 1980). Variability in external phosphorus loading 
contributed to an inconsistent relationship in Netherland lakes, as is noted by van Liere et al. 
(1990). Several reasons contributing to the variability seen in this relationship were noted by 
Nicholls and Dillon (1978). These investigators pointed out that there is a great deal of 
Variability associated with different studies due to different sampling and analyzing techniques. 
They also noted that cellular chlorophyll a content varies up to ten percent, and that nutrient 
availability and usability may be quite variable within a given lake. Solar radiation and 
phytoplankton population dynamics may also contribute to the variability seen (Nicholls and 
Dillon 1978). Temporal variations were also noted by Allen (1980), who added that different 
sampling schedules may yield different results due to the phytoplankton blooms and crashes. 
Canfield and Bachmann (1981) found that phosphorus-chlorophyll a relationships differed 
between natural and artificial lakes presumably due to differing suspended solids 
concentrations. 
The great deal of importance placed upon this relationship warrants attention, which 
between can be seen in Figure 12, where a poor relationship was seen in both years. I am not 
sure about what factors contributed to the poor relationship in 1979, but perhaps as mentioned 
previously, the relationship in 1990 is due to high concentrations of inorganic suspended 
solids. Lee and Jones (1984) argue that global eutrophication models were developed in part 
for lakes with low inorganic turbidity. Jones and Novak (1981) noted that inorganic suspended 
matter was apparently weakening phosphorus-chlorophyll a relationships. Hoyer and Jones 
(1983) also discovered that the presence of inorganic suspended matter could alter the 
relationship between phosphorus and chlorophyll a. They found that when the phosphorus 
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concentration was held constant, chlorophyll a concentration decreased as inorganic suspended 
solids concentration increased. 
To test this idea, I used the phosphorus-chlorophyll equation developed by Jones and 
Bachmann (1976) to predict chlorophyll a concentration. The difference between measured and 
predicted chlorophyll a concentration provided an estimate of deviation due to the presence of 
inorganic suspended matter. The results of this line of investigation can be seen in Figure 13. 
One can see that the deviations increase as inorganic suspended solids concentrations increase. 
But one can also see that there are large deviations at low concentrations of inorganic 
suspended solids. In addition, the model seems to always overestimate chlorophyll a 
concentration, a phenomenon also noticed by Bierhuizen and Prepas (1985). In order to see if 
there was a direct affect of inorganic suspended matter on chlorophyll a concentration, I plotted 
these two parameters (Figure 14). One can see that there is a slight positive relationship 
between total phosphorus and inorganic suspended matter, but there is still a great deal of 
variation present Obviously there are other factors at work, one possibly being zooplankton 
grazing depleting the amount of algae one would expect to see. A fish kill may have resulted in 
an abundance of zooplankton. Pace (1984) noticed that the presence of large zooplankton 
reduced the amount of chlorophyll a one would expect to see for a given amount of total 
phosphorus. Another possibility is that algae was not the dominant plant form in some lakes, 
resulting in most of the chlorophyll being tied up in macrophytes, whose chlorophyll content 
was not measured. Finally, some lakes may not have been phosphorus-limited, but were 
nitrogen- or light-limited. 
There has been extensive work with Secchi disk depth - chlorophyll a - total 
phosphorus relationships (Bachmann and Jones 1974, Carlson 1977, Canfield and Bachmann 
1981). The basic premise behind these studies is that phosphorus concentration affects the 
amount of algae (chlorophyll a) that can develop, which in tum can reduce Secchi disk depth. 
While the.chlorophyll a - total phosphorus relationship was discussed earlier, an inspection of 
the Secchi disk depth - chlorophyll ~ relationship seems to be appropriate. One can regard 
Figure 15 and notice a general inverse relationship. The association is poorer in 1990, probably 
due to high precipitation and subsequent high concentrations of inorganic suspended matter 
discussed previously. Non-algal particulate matter in the water column has been cited as a 
reason for the clouding of this relationship (Lorenzen 1980, Megard et al. 1980, Edmondson 
1980, Carlson 1980). 
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The Secchi disk depth - total phosphorus relationship completes this line of 
investigation. There is a poor relationship for both years, with Secchi disk depth decreasing 
with increasing total phosphorus concentration (Figure 16). There appears to be an increase in 
Secchi disk depth at high phosphorus concentrations. Upon reviewing the field observations 
that I recorded, I found that these lakes had visibly large amounts of Aphanizomenon or flaked 
algae. It has been argued that one can still 'see through' this type of algae and get reasonably 
good Secchi disk depths even though there is a high chlorophyll i! concentration (Edmondson 
1980). This seems to be a piau sable explanation for the upturn in Secchi disk depth values. 
Since Secchi disk depth is highly correlated with total suspended matter, it seemed 
prudent to see if there was a relationship between total suspended matter and total phosphorus. 
A generally positive relationship can be seen in Figure 17. This might be explained by the idea 
that there was a good deal of the partiCUlate fraction of phosphorus in the water column, which 
is associated with suspended matter. Bergmann and Peters (1980) noted that an estimate of 
. total suspended matter regressed upon total phosphorus yielded a higher correlation than did 
chlorophyll i! and total phosphorus. 
Total nitrogen was examined in the 1990 survey because previous studies have shown 
that nitrogen can be a limiting nutrient in some aquatic systems (Forsberg 1977, Forsberg and 
Ryding 1980, White 1983). To see if nitrogen plays an important role in Iowa's lakes, I 
examined how total nitrogen concentration changed with the other water quality parameters 
mentioned previously. 
Secchi disk depth generally decreases with increasing concentrations of total nitrogen 
(Figure 18). Total suspended solids generally increase with total nitrogen. There appears to be 
no relationship between chlorophyll i! and total nitrogen (Figure 19). Brydges (1971) noticed 
no relationship between chlorophyll i! and inorganic nitrogen in Lake Erie. The concentration of 
total phosphorus generally increases with total nitrogen. Pridmore (1985) discovered 
significant correlations between total nitrogen and both chlorophyll i! and total phosphorus in 
New Zealand lakes. There appears to be a slight increasing trend between inorganic suspended 
solids and total nitrogen (Figure 20). 
Evaluation of Lake Ranking System 
In 1979, Bachmann and his research associates developed a priority ranking system for 
Iowa's lakes for the purpose of restoration, which was in compliance with US EPA guidelines 
(Bachmann et al. 1980). This ranking system was comprised of three criteria: severity of water 
quality problems, probability of lake restoration success, and expected public benefits. The 
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first criteria step was to rank lakes according to Secchi disk depth, total phosphorus 
concentration, chlorophyll a concentration, total suspended solids concentration, and fish 
winterkill frequency. The lake with the worst water quality problems was ranked first and the 
lake with the best water quality was ranked last for each category. Then these five ranks were 
combined to generate an overall water quality ranking list. 
The ranking according to probability of lake restoration success was accomplished by 
giving lakes with multiple problems first priority with respect to restoration effectiveness 
ranking. Lakes with fewer potential lake restoration problems followed in ranking. The ranking 
according to expected public benefits was accomplished by combining rankings derived from 
public use surveys with rankings of potential use by residents within SO miles of the lake to 
arrive at the final ranking. All three of these rankings were combined to create a final lake 
ranking, which was used to evaluate whether or not a particular lake would be worth restoring. 
I used the water quality data from the 1979 and 1990 lake surveys to examine how 
variable the ranking system is and how variable Iowa lakes are in general. If the ranking 
system is stable and Iowa lakes are not highly variable, one would expect to see little change 
for lake rankings between 1979 and 1990. If the ranking system is not stable and Iowa lakes 
are highly variable, one would expect to see a good deal of change in the lake rankings between 
1979 and 1990. 
I did not have any data on fish winterkill in 1990, so I dropped that parameter from the 
1979 list and recalculated the ranking list. Thus I ranked the lakes by Secchi disk depth, total 
phosphorus concentration, chlorophyll a concentration, and total suspended solids 
concentration. The lake with the worst water quality problems was ranked last and the lake 
with the best water quality was ranked first for each category. For a given lake, I averaged 
these four categorical rankings to arrive at an overall ~ater quality ranking. I computed this 
overall ranking for all lakes, arriving at the final water quality ranking list. The final ranking list 
I derived for both data sets contains only 94 lakes since there were only 94 lakes in common 
between the two data sets with respect to water quality information. The rankings can be seen 
in Table 4. 
To compare the rankings between the two sets, I plotted each lake's 1979 ranking 
against its 1990 ranking (Figure 21). As one can see, the ranking of the lakes changed a great 
deal between the two surveys. About one-third of the lakes improved, one-third got worse, and 
one-third remained relatively unchanged. It appears as though the water quality parameters, and 
Iowa lakes in general, are highly variable relative to each other. This might be a reason why it 
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Table 4. Lake water quality rankings for Iowa's lakes in 1979 and 1990 
1979 1990 1979 1990 
Lake Rank Rank Lake Rank Rank 
Ahquabi 24 81 Manteno 52 53 
Anita 42 23 Mariposa 67 70 
Arbor 85 48 Meadow 70 28 
Arrowhead 10 8 Miami 33 56 
BaIger 60 66 Minnewashta 53 26 
BeOOs 54 86 Moorehead 16 30 
Big Creek 12 34 Mormon Trail 8 9 
Big Spirit 38 5 Nelson 47 11 
Blackhawk 94 85 Nine Eagles 13 17 
Bobwhite 76 80 North Twin 69 75 
Briggs Woods 15 59 Oldham 11 45 
Center 90 37 Orient 41 60 
Central 86 35 Otter Creek 26 51 
Clear 78 83 Ottumwa Lgn. 81 88 
Cold Springs 40 39 Pahoja 34 69 
Cornelia 50 58 Pierce Creek 72 79 
Crawford Creek 48 24 Pleasant Creek 17 14 
Crystal 30 68 Pollmiller 22 18 
Darling 80 84 Prairie Rose 63 54 
Diamond 14 20 RedRaw 32 3 
Dog Creek 43 32 Rock Creek 74 63 
Don Williams 18 72 Rodgers Park 83 78 
East (Clarke) 73 74 Silver (Del.) 27 73 
East Okoboji 51 19 Silver (Dick.) 45 62 
Easter 25 61 Silver(Palo A.) 89 92 
Eldred-Shawood 65 52 Silver (Worth) 84 42 
Five Island 20 94 Slip Bluff 3 36 
Geode 21 29 Smith 75 89 
GeorgeWyth 19 12 Spring 7 7 
Green Castle 23 10 Storm 62 67 
Green Valley 61 44 Swan 71 87 
Hannen 91 15 Thayer 28 47 
Hickory Grove 46 64 Three Fires 58 77 
Hickory Hills 82 27 Trumbull 93 93 
Icaria 3S 43 Tuttle 88 90 
Indian 39 40 Union Grove 77 55 
Ingham 44 91 Upper Gar 79 65 
Iowa 68 16 Upper Pine 59 33 
Kent Park 49 50 Viking 36 41 
Keomah 66 21 Wapello 31 13 
Lacey-Keosaqua 9 2S West Okoboji 5 2 
Little Sioux Park 56 4 Williamson Pd. 29 76 
Little Spirit 55 82 Willow 4 22 
Little Wall 1 31 Wilson (Lee) 6 6 
Lost Island 64 46 Wilson (Tayl.) 57 38 
Lower Gar 92 71 Windmill 87 57 
MacBride J7 49 Ylm Rou Gis 2 1 
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Figure 21. Comparison of the water quality rankings for 94 Iowa 
lakes sampled both in 1979 and 1990 
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was difficult to arrive at solid water quality parameter relationships. I believe that the variation 
seen in Figure 21 is indicative of Iowa's lakes, as was shown in the previous section that 
compared water quality parameters. Spacie and Loeb (1990) argue that changes in nutrient 
levels smaller than 35% may be masked by the natural variability of the lakes. 
Another way of looking at this problem is to make year-to-year comparisons for all 
lakes in common for the 1979 and 1990 lake surveys with respect to water quality. Such a 
comparison can be seen in Figure 22, where year-to-year plots of Secchi disk depth and total 
suspended solids are depicted. It appears as though lakes increased significantly only with 
respect to Secchi disk depth, but there were also many lakes which got worse in 1990. Total 
suspended solids concentration seemed to increase from 1979 to 1990, with seven lakes 
increasing significantly. Chlorophyll ~ concentration also showed a great deal of variability 
between the two years (Figure 23). Total phosphorus concentration seemed to increase 
between the two years in general, with two notable exceptions. 
Ranking Iowa's lakes according to water quality has shown that Iowa lakes are highly 
variable. It was noted earlier that previous studies have shown that Iowa lakes vary a great deal 
within the classification of eutrophic. The ranking system provides an excellent example of this 
idea, offering a snapshot in time of the variability of Iowa lakes. 
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PART II. ASSESSING mE USE OF LAKE MORPHOMEfRY AND WATERSHED 
CHARACTERISTICS AS PREDICTIVE TOOLS USING 
mE 1979 AND 1990 IOWA LAKE DATA SETS 
The development and construction of new lakes is an ongoing process in Iowa It 
would be very helpful for lake planners to be able to predict the water quality of a lake by using 
lake and watershed characteristics that are readily available. In this section I use variables such 
as lake origin, geographical location, mean depth. maximum effective length and fetch, and the 
watershed area to lake area ratio in an attempt to predict lake water quality in Iowa's lakes. 
Lake Origin and Geographic Location 
An artificial lake will be defmed as a lake that was constructed by humans for the 
purpose of recreation and/or for a drinking water supply. A natural lake will be defined as a 
lake that was the result of natural processes such as glacial activity or the formation of an 
oxbow lake. 
The most recent glacial activity in Iowa was the Wisconsin glaciation, which receded 
approximately 12,000 years ago (Prior 1976). The Des Moines lobe of this glaciation covered 
appoximately one-third of north-central Iowa. The term 'lobe' is used to refer to this area 
(Figure 1). Total ion and total nitrogen concentrations on the lobe were found to be higher than 
lakes off the lobe in Iowa, most likely due to the fact that the lakes off of the lobe have been 
subject to more leaching over time than lakes on the lobe (Jones and Bachmann (1978c). 
My analyses centered on an attempt to determine if the origin (artificial or natural) and 
the location (on-lobe or off-lobe) of Iowa's lakes were related to their water quality. I divided 
Iowa's lakes into four categories for analysis. There were 61 artificial lakes off of the lobe, 24 
natural lakes on the lobe, 9 artificial lakes on the lobe, and 1 natural lake off of the lobe. Since 
there was only one natural lake off of the lobe (Ottumwa Lagoon, an oxbow lake), I decided to 
drop this lake from further analyses so the results would not be skewed due to an insufficient 
number of samples. Thus all natural lakes included were formed from glacial activity. 
I first analyzed the affect of lake origin and location on morphometric parameters. Initial 
inspection of data revealed that natura11akes on the lobe (as a group) are bigger than the 
artificial lakes (as a group), whether on or off of the lobe (Table 5). This is evidenced by larger 
maximum effective lengths and fetches (defined in the section Maximum Effective Fetch) along 
with larger watershed and lake areas. 
Artificial lakes on the lobe have roughly the same maximum effective lengths and 
fetches as artificial lakes off of the lobe, but have somewhat larger watersheds and watershed 
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Table 5. The influence of lake origin and location on selected morphometric parameters 
of 95 Iowa lakesa 
ARTOFF ARTON NATON ARTOFF ARTOFF ARTON 
Mean Mean Mean ANOVA vs. vs. vs. 
SEM SEM SEM p-value ARTON NAroN NATON 
Mean Depth 2.97 3.54 2.46 0.1291 
(m) 0.13 0.44 0.45 
Maximum Depth 7.28 9.40 5.07 0.0536 * 
(m) 0.40 1.43 1.62 
Maximum Effective 1176 1229 3279 0.0001* * * 
Length (m) 102 295 411 
Maximum Effective 446 451 1746 0.0001* * * 
Fetch (m) 30 81 222 
Watershed Area 1187 4734 5221 0.0043* * 
(ha) 235 2112 1975 
Lake Area (ha) 40.3 65.6 578 0.0001* * * 
7.6 38.1 187 
Watershed Area to 36.7 86.2 11.0 0.0001* * * * 
Lake Area ratio 5.2 23.5 2.7 
n= 61 9 24 
aART or NAT = artificial or natural lake, OFF or ON = off or on the Des Moines lobe. 
*designates significance at the 0.05 level. 
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area to lake area ratios (Table 5). It should be noted here that a lake's maximum effective length 
is defined as a straight line connecting the two most distant points on the shoreline without 
crossing over land (Hakanson 1981). I used morphometric maps from Bachmann et al. (1980) 
to determine this parameter. I then calculated maximum effective fetches (defined by Hakanson 
1981), using the method described by Walker (1987). I calculated this parameter by using the 
points on the shoreline as given by my maximum effective length determinations. As a rule I 
chose the larger value of maximum effective fetch to use for further analyses. 
More in-depth analysis was undertaken using analysis of variance tests, which was 
conducted using SAS statistical software. Univariate tests determined that all variables were 
normally distributed, which is necessary in order for the analysis of variance tests to be valid. 
The results can be seen in Table 5. 
Maximum depth for on-lobe artificial lakes is significantly higher than for the natural 
lakes. This is probably due to the fact that artificial lakes are constructed in relatively deep 
ravines while natural lakes were formed by retreating glaciers which generally flattened all 
terrain that they passed over. Maximum effective lengths and fetches are significantly higher 
for the natural lakes than for either the on- or off-lobe artificial lakes. Again, glacial activity 
tended to create relatively large lakes during retreats by scouring the terrain and by leaving large 
blocks of ice to melt and fill the depressions. 
The natural lakes have significantly larger watershed areas than off-lobe artificial lakes. 
The relatively flat terrain left by glacial activity on the lobe created drainage systems larger than 
those seen off of the lobe. Both types of artificial lakes have significantly smaller lake smface 
areas than the natural lakes. As with the lengths and fetches, glacial activity has created these 
relatively larger lakes. 
All types of lakes have significantly different watershed area to lake area ratios. The 
largest ratios are seen for the artificial on-lobe lakes. This is most likely due to the large 
drainage systems created by glacial activity and the relatively smaller lake area in comparison to 
the natural lakes, which have the smallest ratios (Table 5). Artificial off-lobe lakes, while 
comparable to the on-lobe lakes with respect to smface area, are located in relatively hillier 
terrain. Thus the drainage area is reduced, and the smaller ratios are seen. 
I focussed on the 'effect of lake origin and location on water quality parameters. Secchi 
disk depths for artificial lakes on the lobe are significantly higher than those in the natural lakes 
in 1979 (Table 6). Jones and Bachmann (1978c) found that artificial lakes tended to have 
greater Secchi transparencies than natural lakes. This might be explained by the fact that total 
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Table 6. The influence of lake origin and location on water quality parameters for 94 Iowa 
lakes sampled both in 1979 and 1990a 
ARTOFF ARTON NATON ARTOFF ARTOFF ARTON 
Mean Mean Mean ANOVA vs. vs. vs. 
SEM SEM SEM p-value ARTON NATON NATON 
1979 
Secchi Disk 1.07 1.40 0.82 0.0866 * 
Depth (m) 0.09 0.26 0.14 
Total Suspended 13.1 10.0 22.8 0.0002* * * 
Solids (mgfl) 1.0 2.1 3.0 
Chlorophyll a 46.6 41.2 60.2 0.2337 
(mg/cu. m) 4.4 9.7 8.7 
Total Phosphorus 93.3 63.8 127 0.1209 
(mg/cu. m) 13.1 13.4 11 
1990 
Secchi Disk 1.19 0.99 1.03 0.6617 
Depth (m) 0.10 0.22 0.22 
Total Suspended 29.7 31.5 39.0 0.5150 
Solids (mg!l) 4.6 5.2 7.1 
Chlorophyll a 35.2 50.2 73.3 0.0007* * 
(mg/cu. m) 3.1 13.9 13.3 
Total Phosphorus 144 195 158 0.4113 
(mg/cu. m) 15 31 18 
Inorganic Susp. 18.9 19.3 18.1 0.9895 
Solids (mg!l) 3.8 4.5 4.0 
Total Nitrogen 2.52 9.66 2.92 O.(XX)1 * * * 
(mgll) 0.29 1.52 0.23 
n= 61 9 24 
aART or NAT = artificial or natural lake, OFF or ON = off or on the Des Moines lobe. 
*designates significance at the 0.05 level. 
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suspended solids concentrations were significantly different between the natural lakes and both 
types of artificial lakes. Since it was noted earlier that there was a high correlation between total 
suspended solids and Secchi disk depth, one would expect to see significant differences 
between the Secchi disk depths, also. This was not the case in 1990, when there were no 
significant differences between the three lake types. This might be explained by the fact that the 
total suspended solids concentrations for the three lake types did not differ significantly in 
1990. Again, since it was noted earlier that there was a high correlation between total 
suspended solids and Secchi disk depth, one would not expect to see any significant 
differences between the three lake types with respect to Secchi disk depth in 1990. 
Upon inspection of the means, chlorophyll a concentrations were apparently higher for 
the natural lakes in 1979, but statistical analysis did not reveal any significant differences. In 
1990, however, there was a significant difference between the natural and artificial lakes. This 
phenomenon was also noted by Jones and Bachmann (1978c). They attributed this to the fact 
that the natural lakes had higher total phosphorus concentrations in their study, but this was not 
the case in 1990 (Table 6). Total phosphorus values were not significantly different in 1979, 
either. 
There were no significant differences between the three lake types with respect to 
inorganic suspended solids concentrations in 1990. An extremely low level of significance 
implies that the effect of this parameter is unifonn in the lakes across Iowa. 
Artificial lakes on the lobe have significantly higher total nitrogen concentrations in 
1990 than either of the other lake types. While the on-lobe artificial lakes have watersheds 
comparable in size to the natural lakes, they have significantly larger watershed area to lake area 
ratios, indicating that they will have more nitrogen loading per unit area than the natural lakes 
(Table 5). Extensive use of nitrogenous fertilizers on the highly-tillable soils found on the lobe 
may also contribute to the amount of nitrogen reaching lakes. Thus one would expect to see 
higher total nitrogen concentrations for on-lobe artificial lakes. 
Following these results the lakes were divided into the lake types and were assigned a 
new variable, LAKEfYPE, depending on their origin or location. The lakes were also given a 
value, called STRA T, depending on whether they were thermally stratified or not. Thermal 
stratification was inchidCd because I discovered that 63 to the 70 artificial lakes were thermally 
stratified in 1990. In addition, 19 of the 24 natural lakes were not thermally stratified in 1990. 
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These two variables were then tested to determine if they would improve the power of the 
physical variables to predict the water quality variables. SAS statistical software was used, 
with the results presented in Table 7. 
Secchi disk depth and chlorophyll a concentration can be better predicted by physical 
variables if thermal stratification is taken into consideration. Artificial lakes are the type of lakes 
that tend to stratify, so they deserve to be examined closer. First of all, total suspended solids 
concentrations increased considerably from 1979 to 1990 (Table 6). Second, there is a high 
correlation between total and inorganic suspended solids (Figure 9). If one assumes that the 
inorganic suspended solids concentration was lowered relatively as much as total suspended 
solids in 1979 in comparison to 1990, then the Secchi disk depth - chlorophyll a relationship 
would not be interfered with as much as it was in 1990 where there was no model 
improvement. Hoyer and Jones (1983) noticed this phenomenon in Missouri reservoirs. They 
found that inorganic suspended matter was causing classical phosphorus - chlorophyll -
transparency relationships to be weakened due to light attenuation. 
Lake type was shown to improve model prediction for total suspended solids and total 
phosphorus concentrations (Table 7). Natural lakes have the highest total suspended solids, 
total phosphorus, and chlorophyll a concentrations, although the 1990 values for total 
phosphorus tend to not follow this trend (Table 6). Figures 9 and 15 show that there were 
better relationships for 1979 over 1990 for the chlorophyll a - total suspended solids and the 
Secchi disk depth - chlorophyll a relationships, respectively. As was asserted previously, 
lower total suspended solids concentrations in 1979 imply lower inorganic suspended solids 
concentrations, thus the traditional phosphorus - chlorophyll - transparency relationships 
would not be as adversely affected by inorganic suspended matter (Hoyer and Jones 1983). 
Total nitrogen was found to be the only parameter in 1990 to be significantly affected 
by lake origin and location. As previously discussed, lakes with high values tended to be 
artificial in origin and located on the Des Moines glacial lobe. 
Mean Depth 
The mean depth of a lake may be defined as the volume divided by the surface area, 
which gives a good estimate of the lake's physical dimensions and basin shape. Sakamoto 
(1966) argues that mean depth has been shown to be an important morphological measurement 
affecting trophic state. Rawson (1952) demonstrated that there is a high correlation between 
mean depth and annual fish harvest for the Laurentian Great Lakes along with several large 
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Table 7. The influence oflake type and thermal stratification upon water quality prediction 
in 941akes sampled both in 1979 and 1990 
Water Quality Lake PR>F PR>F Model 
Variable Grouping Type ISS TypeITI SS Improvement 
1979 
Secchi Disk LAKETYPE 0.2075 0.2075 NO 
Depth (m) STRAT 0.0159 0.0171 YES 
Total Suspended LAKETYPE 0.0117 0.0117 YES 
Solids (mgll) STRAT 0.3752 0.0552 NO 
Chlorophyll ~ LAKETYPE 0.1424 0.1424 NO 
(mg/cu. m) STRAT 0.0257 0.0061 YES 
. Total Phosphorus LAKEfYPE 0.0021 0.0021 YES 
(mg/cu. m) . STRAT 0.6119 0.6203 NO 
.l22Q 
SecchiDisk LAKEfYPE 0.3113 0.3113 NO 
Depth (m) STRAT 0.7955 0.8904 NO 
Total Suspended LAKEfYPE 0.8758 0.8758 NO 
Solids (mgll) STRAT 0.9062 0.8229 NO 
Chlorophyll ~ LAKETYPE 0.3309 0.3309 NO 
(mg/cu. m) STRAT 0.1996 0.4797 NO 
Total Phosphorus LAKETYPE 0.6130 0.6130 NO 
(mg/cu. m) STRAT 0.3168 0.2906 NO 
Inorganic Susp. LAKETYPE 0.7509 0.7509 NO 
Solids (mgll) STRAT 0.9977 0.9401 NO 
Total Nitrogen LAKEfYPE 0.0001 0.0001 YES 
(mgll) STRAT 0.2229 0.7844 NO 
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lakes in central and western Canada. Ryder (1965) continued along these lines by showing 
how mean depth can be incorporated into a morphoedaphic index to predict potential fish 
production. 
In this study there is basically no relationship between Secchi disk depth and mean 
depth (Figure 24). However, there are no lakes with a mean depth greater than 4 m that have 
the lowest Secchi disk depths (less than approximately 0.75 m). 
There is no solid relationship between total suspended solids concentration and mean 
depth (Figure 25). Even so, there are no lakes above 4 m having high total suspended solids 
concentrations. These concentrations are 15 mgIL and 50 mgIL for 1979 and 1990, 
respectively. However, there are lakes with low mean depths with low concentrations of 
suspended solids, also. Obviously there are other processes taking place that are yet 
unaccounted for. 
There is no relationship between chlorophyll a concentration and mean depth (Figure 
26). Again, as was seen with suspended solids, lakes with mean depths greater than 4 m do 
not have excessive water quality problems. These lakes have concentrations less than 60 
mglm3 for both years. However, there are lakes with low mean depths possessing good water 
quality, which can not be readily explained. Sakamoto (1966) demonstrated that there is an 
inverse curvilinear relationship between chlorophyll a content and mean depth. Pridmore et al. 
e 1985) argue that lakes with different mean depths increase the variance in chlorophyll 
-phosphorus relationships. Smith (1985) used mean depth and total phosphorus to predict 
blue-green algal biomass in North America and in Sweden (Smith et al. 1987). 
There is no definite relationship between total phosphorus and mean depth, more so in 
1990 than in 1979 (Figure 27). One might be able to say that there are no lakes with mean 
depths greater than 4 m with poor water quality, but there are also lakes with mean depths less 
than 4 m having good water quality with respect to total phosphorus concentrations. 
There is no relationship between inorganic suspended solids and mean depth (Figure 
28). Lakes with mean depths greater than 4 m do not have high concentrations of inorganic 
matter, but there are lakes with low mean depths and low concentrations of inorganic matter. 
There is no relationship between total nitrogen and mean depth, and the 4 m cutoff value 
apparently does not apply here. Jensen et al. (1990) incorporated mean depth into their 
equations predicting in-lake total nitrogen concentrations. 
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Figure 24. Secchi disk depth vs. mean depth for 94 Iowa lakes 
sampled both in 1979 and 1990 
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Figure 25. Total suspended solids vs. mean depth for 94 Iowa 
lakes sampled both in 1979 and 1990 
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Figure 27. Total phosphorus vs. mean depth for 94 Iowa lakes 
sampled both in 1979 and 1990 
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mean depth for 95 Iowa lakes sampled in 1990 
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Maximum Effective Fetch 
I hypothesized that lakes with longer fetches will be more subject to wind-generated 
waves, thus increasing the potential for nutrients being stirred up from the lake bottom or from 
nutrients lower in the water column. These nutrients could become assimilated by algae and 
cause algal blooms, which are associated with poor water quality. Additionally, bottom 
sediments could be stirred up and cause poor water transparencies. The maximum effective 
fetch used for this study was taken from the point where the maximum effective length 
intersects the shoreline. The fetch was measured from both shoreline intersections and the 
largest value was used for analysis because it represented the greatest potential fetch affect on 
the lake. 
Maximum effective length may be defined as the straight line connecting the two most 
distant points on the shoreline over which wind and waves may act without interruptions from 
land or islands (Hakanson 1981). Melack (1984) argues that lakes with long lengths are more 
. subject to wind-induced mixing than round lakes of similar lengths. Hanna (1990) used this 
parameter to predict thermocline depth. The maximum effective fetch was chosen to be used in 
this study because it takes into account wind affects from several directions and reflects the 
irregular shape of the shoreline. Fetches were calculated using the method generated for the 
U.S. Army Corps of Engineers (Walker 1987). 
There is no apparent relationship between Secchi disk depth and maximum effective 
fetch (Figure 29). However, in general the lakes with fetches greater than approximately 2000 
m do not have high transparency values. There are still lakes with poor water quality which 
have fetches less than 2000 m, which leads one to believe that other factors are affecting Secchi 
disk depth. 
There is no relationship between total suspended solids concentration (Figure 30), 
chlorophyll il concentration (Figure 31), total phosphorus concentration (Figure 32), or 
inorganic suspended solids or total nitrogen concentrations (Figure 33) and maximum effective 
fetch. Poor water quality, i.e. high nutrient concentration, should be seen in lakes with large 
fetches, but the opposite is seen in this study. 
The evidence presented fails to support my assertion that lakes with large maximum 
effective fetches will have poor water quality due to wind-induced resuspension of nutrients. 
Other processes are probably taking place that have not been accounted for, which have yet to 
be determined at this time. 
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Figure 30. Total suspended solids vs. maximum effective fetch 
for 94 Iowa lakes sampled both in 1979 and 1990 
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Watershed Area to Lake Area Ratio 
The watershed area to lake area ratio provides an estimate of what levels of nutrients 
one can expect to see in a lake on an areal basis. This ratio may be defined as the ratio of a 
lake's drainage basin to the lake's surface area. I hypothesized that lakes with larger ratios 
would have more lake nutrients per unit lake volume than lakes with smaller ratios. Thus lakes 
with higher ratios would be subject to poorer water quality manifested through the algal blooms 
that accompany the higher nutrient levels. 
Previous work in this area has shown that differences in the trophic states of lakes in 
northwestern Iowa were attributed to different watershed dynamics (Jones and Bachmann 
1974). Fishing quality in Iowa lakes was predicted using models that incorporated the 
watershed area to lake area ratio (Hill 1986). Fukushima and Muraoka (1988) demonstrated 
how watershed characteristics could be used to predict water quality in Japanese lakes. 
Rasmussen et al. (1989) used watershed characteristics to predict water color in northern 
temperate lakes. 
In this study there is no apparent relationship between Secchi disk depth and watershed 
area to lake area ratios (Figure 34). However, lakes with ratios greater than 50 tend to only 
have poor water quality with respect to water transparency. There are lakes with ratios less than 
50 that also have poor water, so there are some other processes taking place that are affecting 
this relationship. 
There is no apparent relationship between total suspended solids concentrations (Figure 
35), chlorophyll ~ concentration (Figure 36), total phosphorus concentration (Figure 37), or 
inorganic suspended solids or total nitrogen concentrations (Figure 38) and watershed area to 
lake area ratios. One would expect to see poor water quality, i.e. high nutrient concentrations, 
in lakes with large fetches, but the opposite is seen ip. this study. 
The evidence presented fails to support the idea that lakes with large watershed area to 
lake area ratios will have poor water quality due to more lake nutrients per unit lake volume. As 
was seen with the maximum effective fetch, other processes are probably taking place that have 
not been accounted for, which have yet to be discovered. 
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Phosphorus Loading Models 
Model Devevopment 
Phosphorus loading models may be considered a refinement of the previously 
mentioned morphometric parameters such as mean depth and watershed area to lake area ratios 
because they incorporate these ideas in order to predict lake phosphorus concentrations. Since 
phosphorus availability may determine the extent of algal growth, total phosphorus 
concentration is an important indicator of lake trophic state (Vollenweider 1968, Dillon and 
Rigler 1975). The importance of phosphorus as a limiting nutrient in Iowa lakes has been 
demonstrated by Jones and Bachmann (1976). Vollenweider (1969) developed a model to 
predict total phosphorus concentration in a lake based upon factors which are relatively easy to 
measure: 
where 
TP=L/z«(J+p) 
TP = total phosphorus concentration in the lake water (mg 1m3) 
L = annual phosphorus loading to the lake water (mg I m2 1 yr) 
z = lake mean depth (m) 
(J = phosphorus sedimentation coefficient (yr -1 ) 
p = hydraulic flushing rate (yr -1 ). 
Canfield and Bachmann (1981) tested the predicting abilities of several phosphorus 
loading models, each of which varied slightly from the previous equation due to different 
estimations of phosphorus sedimentation. They concluded that the best estimates for the 
sedimentation coefficient (J were: 
(J =O.162( LIz )0.458 for natural lakes, and 
(J = 0.114( LIz )0.589 for artificial lakes 
which can be incorporated into Vollenweider's equation to yield: 
TP= L0.542 I [ O.l62(zO.542) + zpL-0.458 ] for natural lakes, and 
TP = LO.411 I [0.114(zO.411) + zpL -0.589] for artificial lakes. 
Model Calculations 
I modeled the expected total phosphorus concentration for the sampled Iowa lakes. The 
morphometric variables were obtained from the 1979lake survey (Bachmann et al. 1980), 
while precipitation and runoff values were obtained for specific lake regions for each water 
year (U.S. Environmental Data Service 1978, U.S. Environmental Data Service 1979, U.S. 
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Environmental Data Service 1989, U.S. Environmental Data Service 1990, U.S. Geological 
Survey 1979, U.S. Geological Survey 1990). Iowa's counties are divided into nine 
climatological regions for record-keeping purposes, so I lumped the lakes that I sampled into 
these regions in order to estimate precipitation for each lake. Annual totals were taken during 
the specific water year (1979 or 1990) for convenience, which runs from October of the 
previous year to September of the stated year. An annual runoff value was taken from a stream 
from each of the nine districts which can be seen in Table 1 (U.S. Geological Survey 1979, 
U.S. Geological Survey 1990). A given stream was chosen because it had a relatively small 
drainage area, which I feel adequately represents the size of the drainage areas of the Iowa 
lakes surveyed The appropriate parameters, along with predicted total phosphorus values, are 
listed in Appendix B. Variables necessary to predict total phosphorus values were calculated as 
follows: 
Lake Volume = Mean Depth * Lake Area * 10000 
Annual Water Input = 
[Watershed Area * Runoff + Lake Area * (Precipitation - Evaporation)) * 100 
External Phosphorus Loading = 369 * Watershed Area * Runoff I Lake Area * 100 
It should be noted that for external phosphorus loading, 369 mg/m3 was determined to 
be the average concentration of total phosphorus in several Iowa streams (Jones, Borofka, and 
Bachmann 1976; Jones and Bachmann 1978a; Jones 1981; Baumann and Lutz 1987). 
Data Analysis 
To test the ability of these models to predict measured total phosphorus values, data 
from both the 1979 and the 1990 lake surveys were analyzed. A pictorial analysis of the 
models' predictive abilities is shown in Figure 39. The two graphs depict a lake-by-lake 
comparison of how actual measured total phosphorus values compare to the predicted values. 
Examination of these graphs reveals that the data generally fits within the 95 % confidence 
intervals, which range from 31-288% of the calculated total phosphorus values (Canfield and 
Bachmann 1981). Yet it is apparent that there is not a strong correlation for either year. 
Canfield and Bachmann (1981) found that actual and predicted total phosphorus concentrations 
were high! y correlated (r 2 = 0.69). Dillon and Rigler (197 4b) arrived at a higher correlation 
with Ontario lakes (r2 = 0.81). Jones and Bachmann (1976) found an even better correlation 
(r 2 = 0.84), which does not agree with the results given above. 
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The discrepancy seen may be due, in part, to the fact that Iowa's lakes span a relatively 
narrow range of trophic states. The studies mentioned above were comprised of lakes ranging 
from highly oligotrophic to highly eutrophic. Due to the wide range of trophy in their studies, 
there was not as much variance in their relationships as is seen in Iowa lakes, which can be 
attributed to the relatively narrow range of trophy seen in Iowa lakes. 
Prepas and Rigler (1981) believe that this equation may not work very well in shallow 
and enriched lakes, due to different sedimentation dynamics and turnover times. This is 
applicable to Iowa lakes because shallow and enriched lakes are quite prevalent. Precipitation in 
1990 was much higher than average, so the values for annual water input and external 
phosphorus loading may be lower than they should be. Thus there is an underestimation of 
phosphorus concentration, as can be seen by examining the second graph in Figure 39. 
Another relationship worth examining is that between chlorophyll a concentrations and 
predicted total phosphorus. Chapra and Tarapchak (1976) were able to predict chlorophyll a 
concentrations from phosphorus loading and areal water loading data. Jones and Bachmann 
(1976) found a strong correlation between these two parameters (r 2 = 0.79), but this was not 
the case in 1979 or 1990 (Figure 40). There appears to be no relationship for either year. Allen 
(1980) argues that this relationship may be weakened because large reductions in phosphorus 
are needed in order to cause only small reductions in algal biomass. Smith (1979) modified this 
predictive equation to predict photosynthetic rates, which he felt might more accurately describe 
in-lake processes. Internal phosphorus loading, light limitation, or other nutrients may be 
limiting algal growth and subsequent chlorophyll a concentrations. 
Since Secchi disk depth is a simple and effective predictor of water quality, a 
comparison of Secchi disk depth and predicted total phosphorus seems appIOpriate. There 
appears to be a weak negative trend in the 1979 data (Figure 41), which is stronger for the 
1990 values. This seems logical because higher phosphorus concentrations imply higher algal 
biomass (and chlorophyll a concentrations), which in tum can reduce Secchi disc transparency. 
Implications 
In summary, I do not believe that the equations to predict total phosphorus 
concentrations are very helpful in evaluating Iowa lake water quality. There seem to be other 
factors influencing the amount of phosphorus and chlorophyll a in Iowa's lakes than external 
phosphorus loading. As was mentioned previously, high variance due to a narrow range of 
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trophy may be playing an important role. Iowa lakes are relatively shallow with a large amount 
of littoral area, which contributes to the reason why many of them are highly eutrophic. 
Another reason for the high variability seen is the fact that many of the parameters have 
been estimated. External phosphorus loading was estimated using an average stream 
phosphorus concentration taken from several studies. Differing sedimentation rates and 
turnover times between the lakes may also be contributing to the highly variable results seen 
here (Prepas and Rigler 1981). 
Precipitation values may also be affecting the ability of the Vollenweider equations to 
predict total phosphorus. The values for precipitation were from October of the previous year 
to September of the survey year, and thus probably are not as precise as one would like for 
accurate predictions. Year-to-year fluctuations in precipitation may cause the average 
phosphorus concentration in the water to vary from year to year, also. The amounts of 
precipitation in both 1979 and 1990 may be far from the nonn, especially with the high rainfall 
in 1990. Finally, evaporation values are difficult to estimate and may be very specific to each 
lake. Evaporation values were taken from a U.S. Weather Bureau Technical Paper (Kohler et 
al. 1959), which are given for regions of the country and are not lake-specific. 
Light limitation may also be affecting algal biomass (and chlorophyll a concentrations), 
which may be highly variable from lake to lake. Inorganic suspended solids concentration has 
been shown earlier to be an important factor in many Iowa lakes with respect to light limitation. 
Potential chlorophyll a production may be much less than would be expected given the amount 
of phosphorus present because the algae populations are hindered by the lack of adequate light. 
In lakes with low concentrations of inorganic suspended solids, high algal concentrations may 
cause light attenuation a few meters below the lake surface, reducing the amount of algae that 
the lake can produce. The degree to which light limitation was taking place could not be 
detennined in the general lake surveys in 1979 and 1990. 
This leads to the notion that phosphorus may not be the only nutrient/factor influencing 
lake water quality to a great extent Algae in Iowa lakes receive high concentrations of nitrogen 
and phosphorus from farm runoff, perhaps more than can be effectively assimilated. Other 
factors seem to be at work, which have not been readily assessed at this time. 
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DISCUSSION 
The studies of Iowa's lakes in the past twenty years have shown that Iowa lakes are 
eutrophic but vary to a great degree within the classification of eutrophic. The present study has 
reconfirmed these findings. Average Secchi disk depths of just over a meter along with 
chlorophyll a mean values around 50 mglm3 taken from the 1979 and 1990 surveys show that 
Iowa lakes are very productive. 
Iowa lakes have very high levels of phosphorus and nitrogen, which implies that there 
is no shortage of these nutrients for algae and macrophytes. Omernik (1977) demonstrated that 
Iowa streams have some of the highest nutrient levels in the country. Intensive row-crop 
agriculture in Iowa uses tremendous amounts of fertilizers, which contain high concentrations 
of nitrogen and phosphorus. Highly-efficient farm drainage systems remove excess water from 
the fields, shuttling it into nearby streams and eventually lakes in certain instances. Thus 
nutrient -laden runoff in a watershed can reach a lake in a relatively short period of time, which 
in turn can become available to algae and create massive blooms. This reduces water 
transparency and creates the conditions seen in many Iowa lakes. 
The nutrient loading that a lake receives depends a great deal on the dynamics of its 
watershed. Recent advances in lake management have placed heavy emphasis on how a 
watershed influences a lake, most notably the ecoregion concept Heiskary and Wilson (1989) 
divided Minnesota's lakes into several regions depending on what type of geography and 
human activities were taking place within the watersheds. Good water quality was seen in the 
northern regions where there is greater tree coverage, coarser soils, and relatively little human 
activity. Poorer water quality was seen in the southern regions where tree coverage is sparse, 
farming is intensive, and waste products are more prevalent 
In my study, I began to divide Iowa's lakes into different categories, based on lake 
origin and location. There are definite differences between lakes that lie on and lakes that lie off 
of the Des Moines lobe of the most recent Wisconsin glaciation. Lakes that lie on the lobe have 
larger watersheds and higher nitrogen concentrations. All ofIowa's natural (glacial) lakes lie . 
on the lobe, which is further evidence that dividing Iowa's lakes into categories based on lake 
origin and location is the start of the development of lake ecoregions in Iowa. 
Lake and Data Variability 
One of the most noticeable outcomes of this study is the great amount of variation seen 
in Iowa lakes. Iowa lakes appear to be quite similar, with their natural variability creating 
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difficulty in developing water quality relationships. Graphical and statistical analysis has 
shown Iowa lakes to be clustered, leaving no easy measurement to predict Iowa lake water 
quality. 
The examination of the lake ranking system highlights this idea. The comparison of the 
lake rankings for the two years displayed a large amount of scatter, characterizing how Iowa 
lakes are highly variable from year to year. Water quality parameter comparisons (e.g. 1979 
total phosphorus versus 1990 total phosphorus concentration) also showed how Iowa lakes 
can shift with respect to water quality. 
Another source of data variability that should be addressed is the sampling scheme. 
Sampling a lake three times in a summer at monthly intervals may not be adequate due to the 
periodic events occurring in and around the lake. For example, if I sampled a lake a few days 
after a rainstonn, runoff and bottom resuspension could result in a very turbid lake. High 
suspended solids concentrations would result. However, if I happened to visit the lake a few 
days before a rainstorm, the lake might be relatively clear, with low suspended solids 
concentrations. Periodic algal blooms and crashes could also weaken the choice of my 
sampling scheme. IfI visited a lake during the peak of an algal bloom, high chlorophylls 
would result If I sampled prior to a bloom or several days after a crash, low chlorophylls 
would result It is no surprise that there is data variability when one considers how periodic 
events can remarkably affect lake water quality. 
Additional years of lake sampling may reduce data variability by revealing the extent to 
which a given lake may vary. The two major surveys examined in this study may be only 
presenting a small picture of the range to which Iowa lakes naturally vary. 
There is also variability inherent in the phosphorus loading models because some of the 
parameters had to be estimated Precipitation along with phosphorus loading and sedimentation 
coefficients are examples of this, which without a doubt are introducing variability to the 
modelling results. 
Trophic State versus Water Quality 
In this study I have attempted to use water quality parameters to assess and predict the 
trophic state of Iowa lakes. In the larger deeper lakes, trophic state and water quality are closely 
related. Organic matter in these lakes generally takes the fonn of planktonic algae, which are 
the primary factor influencing water transparency. These lakes are more representative of the 
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North American temperate lakes that were used to develop water quality relationships in the 
past. 
However, many Iowa lakes are relatively shallow (mean depth < 4 m) and turbid. 
Trophic state and water quality are not closely related in these lakes where poor water 
transparency is due more to suspended inorganic matter rather than algal biomass. The concept 
of eutrophication does not readily apply itself to these lakes because primary producers are not 
the major cause of poor water quality. Inorganic suspended matter is one of the most important 
factors influencing Iowa lake water quality. It is difficult to determine whether this parameter 
originated from the watershed or from sediment resuspension for a given lake because inflows . 
were not monitored. 
Implications For Lake Management 
Lake restoration projects are currently taking place in Iowa in conjunction with the Iowa 
Department of Natural Resources and the U.S. Environmental Protection Agency. The results 
of my study have led to some insights as to how these restorations might be improved. 
Lake managers are generally striving for good water transparency as far as water 
quality is concerned. The source of water transparency problems must be determined before a 
remedy can be prescribed. If water quality monitoring yields high algal chlorophylls, then steps 
to control algal populations would be the best choice of action. Nutrient abatement measures or 
the use of algicides would be considered. If inorganic turbidity is the major problem, close 
monitoring of inflows and the lake proper would determine whether internal resuspension or 
watershed runoff is the source of the turbidity. Resuspension might necessitate lake dredging 
to remove the easily suspended bottom sediment Sedimentation structures and/or watershed 
conservation practices may reduce turbidities if the source of the problem is watershed runoff. 
The affect ofbenthivorous fish (e.g. carp) on Iowa lake turbidities has also not been readily 
assessed. Improved water quality following the removal of rough fish in lakes has been 
noticed, but has not been documented in a scientific study for Iowa lakes. 
I believe that such a system will yield the best results for all parties involved. This 
is similar to the approach taken by Bachmann et al. (1980), and has been used in the 
1980's for lakes being restored in Iowa with reasonable results. 
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Implications For New Lake Planning 
Growing needs for public recreation and/or an adequate drinking water supply creates a 
need for the development of new reservoirs. I believe that the results of my study can provide 
helpful information for the creation of new lakes with good water quality. 
In my study I looked at several lake morphometry and watershed characteristics to 
evaluate their use as predictive tools. With the development of new lakes, whether or not a lake 
is on the Des Moines glacial lobe is very important. Lakes on the lobe are subject to very high 
levels of phosphorus and nitrogen during wet years (e.g. 1990), which can pose problems. 
High nutrient levels can produce massive algal blooms, creating poor water quality for 
recreational use. Additionally, total nitrogen values exceeded 10 mg/L in several instances. 
This is the level that the U.S. EPA has set as the onset of water quality problems with respect 
to drinking water. Although their guidelines specify nitrate, the majority of the total nitrogen in 
Iowa is the nitrate ion due to nitrification of ammonia-based fertilizers. New lakes on the lobe 
should be monitored very carefully for phosphorus and nitrogen for these reasons. 
The parameter which holds the most promise as a predictive tool is mean depth. It 
appears as though lakes with mean depths greater than 4 m do not have the potential for great 
water quality problems. These deeper lakes will most likely stratify and develop a region of 
decomposition in lower layers which can remove phosphorus from the photogenic zone. Lake 
planners can easily calculate a potential lake's mean depth by determining how high the dam is 
built. I recommend at least a 4 m mean depth for better potential water quality. Bachmann 
(1990) has also endorsed this idea in the evaluation of a potential Iowa lake. 
Although maximum effective fetch analysis failed to yield any solid results, I still 
believe that the ideas behind this analysis have merit. I feel that the construction of islands in 
the lake proper can cut down on wave action and potentially reduce fetch effects. Additionally, 
islands can provide fish habitat, aesthetic beauty, and a potential future site for dredge spoil. 
On the same note, I feel that watershed area to lake area ratios hold promise as 
predictive tools. Although my analysis did not yield positive results, Jones and Bachmann 
(1974) demonstrated that different watershed area to lake area ratios were the reason for the 
differing degrees of water quality seen amongst several lakes in northwest Iowa. The fact that 
most of Iowa's lakes are shallow with extensive littoral areas probably obscured any watershed 
effects. I feel that a lower watershed area to lake area ratio makes the most sense as to the 
reduction of external nutrient loading. Perhaps future research will be able to probe further into 
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watershed affects and discover important principles to aid in the understanding of lake water 
quality and trophic state. 
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APPENDIX A. LAKE SURVEY MEANS AND INDIVIDUAL LAKE DATA 
Appendix A.l 
1979 Lake Survey Summer Means 
The data in the following tables represent the lakes included in the 1979 Clean Lakes Survey 
that were used for comparison with the 1990 data. Although tested for in 1990, summer means 
for inorganic suspended solids and total nitrogen concentrations were not available for the 1979 
survey. Abbreviated county names are given after the Silver and Wilson lakes in order to 
differentiate them. Specific lake information is given in Appendix A.3. 
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Secchi Total Total 
Lake Disk Depth Suspended Chlorophyll a Phosphorus 
Name (m) Solids (mgll) (mgLcu. m) (mgLcu. m) 
Ahquabi 0.9 8.0 19.5 52.2 
Anita 0.7 13.1 47.4 55.8 
Arbor 0.5 2l.4 6l.8 259.5 
ArrowheadSAC 2.4 4.4 15.3 22.8 
Badger 0.6 14.2 3l.4 138.6 
Beeds l.0 14.4 79.1 78.6 
Big Creek 2.1 3.9 14.5 28.8 
Big Spirit l.0 14.3 46.2 67.4 
Blackhawk 0.2 39.2 148.6 236.3 
Bobwhite 0.2 44.2 12.7 166.7 
Briggs Woods 2.8 3.5 32.0 39.6 
Center 0.4 33.5 90.3 119.8 
Central 0.4 17.7 103.4 160.4 
Oear 0.7 25.4 143.4 110.5 
Cold Springs 0.9 1l.6 66.7 64.6 
Cornelia 0.6 20.3 32.4 6l.4 
Crawford Crk 0.8 12.8 6l.8 76.2 
Crystal 1.4 5.4 5.6 17l.9 
Darling 0.4 23.0 89.7 96.0 
Diamond 1.9 5.2 10.1 42.4 
Dog Creek 0.7 13.5 34.2 77.9 
Don Williams 1.8 5.9 16.2 30.7 
East (Osceola) 0.6 17.4 75.7 173.1 
East Okoboji 0.7 13.6 25.8 139.1 
Easter 1.0 9.4 28.0 54.5 
Eldred-Sher 0.7 18.2 70.0 106.5 
Five Island 2.4 2.7 2.7 147.3 
Geode 1.0 8.4 2l.6 37.2 
GeorgeWyth 1.7 5.9 19.9 30.9 
Green Castle 1.6 5.4 5l.7 37.2 
Green Valley 0.9 12.4 67.7 193.0 
Hannen 0.4 26.8 86.7 145.5 
Hickory Grove 0.7 13.5 ·55.9 61.3 
Hickory Hills 0.4 21.9 120.7 107.8 
learia 0.8 11.2 51.8 54.8 
Indian 0.7 15.5 23.0 62.1 
Ingham l.1 11.1 62.l 126.0 
Iowa 0.5 15.2 90.0 66.3 
Kent Park 0.7 16.7 39.7 74.1 
Keomah 0.6 18.3 65.6 86.l 
Lacey-Keos. 2.2 3.4 10.6 29.6 
LittleSiouxPk 2.6 l.2 3.1 15.0 
Little Spirit 0.7 15.9 42.8 115.2 
Little Wall 1.0 14.2 50.3 171.9 
Lost Island 0.5 18.8 58.2 61.6 
Lower Gar 0.3 59.9 72.6 168.5 
MacBride 0.7 13.8 32.5 58.7 
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Secchi Total Total 
Lake DiskDeptb Suspended Chlorophyll ~ Phosphorus 
Name (m) Solids (mgll) (mgLcu. m) (mglcu. m) 
Manteno l.0 12.9 84.2 111.6 
Mariposa 0.7 15.8 64.5 169.1 
Meadow 0.8 20.8 128.0 127.7 
Miami 0.8 10.3 42.6 57.1 
Minnewashta 0.7 15.9 29.6 132.5 
Moorehead 1.8 6.4 14.6 30.5 
Monnan Trail 2.1 3.5 9.9 25.1 
Nelson 0.9 27.4 15.5 90.4 
Nine Eagles 2.1 6.2 16.0 25.7 
North Twin 0.5 27.4 42.2 80.3 
Oldham 2.0 4.4 4.7 33.4 
Orient 0.8 12.4 44.8 9l.8 
Otter Creek 1.1 8.3 45.5 48.6 
Ottumwa Lgn. 0.5 18.0 77.3 440.9 
Pahoja 1.5 6.0 17.6 743.7 
Pierce Creek 0.4 25.4 44.2 124.2 
Pleasant Creek 2.5 3.9 18.6 124.2 
Pollmiller 0.9 8.8 20.5 36.7 
Prairie Rose 0.6 25.2 38.6 95.0 
Red Haw 0.9 11.4 55.1 37.6 
Rock Creek 0.5 19.3 75.9 119.2 
Rodgers Park 0.5 18.3 135.0 151.0 
Silver (Del.) 2.2 3.6 12.9 200.5 
Silver (Dick.) 1.1 20.6 34.1 97.1 
Silver (Palo A.) 0.5 26.0 77.1 222.0 
Silver (Worth) 0.5 24.4 100.3 138.6 
Slip Bluff 2.4 2.9 4.6 15.8 
Smith 0.5 20.0 91.5 110.2 
Spring 1.4 2.3 5.6 20.4 
Storm 0.5 27.6 29.6 73.8 
Swan 0.5 19.6 47.2 204.6 
Thayer 0.9 6.7 21.7 61.7 
Three Fires 0.5 15.9 36.2 69.1 
Trumbull 0.3 56.6 131.3 130.1 
Tuttle 0.4 25.9 62.8 196.0 
Union Grove 0.5 20.3 108.6 118.6 
Upper Gar 0.5 23.6 89.5 136.6 
Upper Pine 0.6 11.8 84.3 76.3 
Viking 0.8 12.3 55.6 54.5 
Wapello 1.0 11.1 49.5 49.9 
West Okoboji 2.9 2.4 6.3 28.5 
WilliamsonPd 0.8 9.2 21.4 55.5 
Willow 2.8 2.7 9.3 22.3 
Wilson (Lee) 1.9 3.3 4.3 12.2 
Wilson (Taylor) 0.5 17.9 52.4 59.8 
Windmill 0.4 22.0 110.3 127.7 
YenRouGis 2.5 3.6 3.9 13.6 
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Appendix A.2 
1990 Lake Survey Means 
The following tables have been condensed for the convenience of the user. Parameters for each 
lake have been organized so that each will appear in the order in which they were presented in 
the text. The following organizational scheme can be used to locate particular data for each 
individual lake. 
Row I 
ColumnA: 
ColumnB: 
ColumnC: 
ColumnD: 
ColumnE: 
ColumnF: 
ColumnG: 
ColumnH: 
Column I: 
Row 2 
ColumnA: 
Column B: 
ColumnC: 
ColumnE: 
ColumnG: 
ColumnH: 
Column I: 
Secchi Disk Depth (m) 
Total Suspended Solids (mgll) 
Chlorophyll ~ (mglcu. m) 
Total Phosphorus (mglcu. m) 
Inorganic Suspended Solids (mgll) 
Total Nitrogen (mgll) 
Lake Origin (Artificial or Natural) 
Thermal Stratification (Partial = at least once during the summer) 
Location with respect to the Des Moines g1aciallobe (On or Oft) 
Mean Depth (m) 
Maximum Depth (m) 
Maximum Effective Length (m) 
Maximum Effective Fetch (m) 
Watershed Area (ba) 
Lake Area (ha) 
Watershed Area to Lake Area Ratio 
Information about the individual sampling dates can be found in Appendix A.3. 
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Y = -0.0056 + 2.4140 X 
r-squared = 0.94 
Ell 
0.2 0.3 0.4 
Optical Density at 650 nm 
t:l 
0.5 0.6 
Figure 42. Chlorophyll a correction cwve for 1990 lake swvey data 
During the first six weeks of the 1990 swvey, chlorophyll a optical densities were mistakenly 
read at 650 nm instead of the required optical density of 665 nm. For the rest of the swvey, 
optical densities were read at both 650 nm and 665 nm and a regression was made to see if one 
could adequately predict the 665 nm value from the 650 nm measurement Although 
chlorophyll a fluoresces at 665 nm and there is no biological reason for the two wavelengths to 
be correlated, the 650 nm wavelength was apparently close enough to the 665 nm peak to 
achieve a good correlation (Figure 42). Chlorophyll a values for the first six weeks were 
calculated using the equation given above, while values for the rest of the survey were 
calculated directly using the measured 665 nm optical densities. 
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Lake 
Nam~ A B C D E F G H I 
Ahquabi 0.5 75.2 41.5 190.5 52.7 1.7 Artificial Yes Off 
3.0 6.7 1512.1 446.3 1344 46 29.2 
Anita 1.9 15.4 43.9 71.4 3.8 1.3 Artificial Yes Off 
3.7 8.5 1558.7 754.0 978 74 13.2 
Arbor 1.0 14.1 55.1 160.1 4.1 3.0 Artificial Yes Off 
2.3 6.1 519.2 194.4 396 6 66.0 
Arrowhead 2.5 12.5 13.5 37.7 4.4 1.1 Artificial Partial On 
3.2 7.3 1341.3 327.9 60 12 5.0 
Badger 0.9 38.6 46.0 160.5 23.6 15.3 Artificial Yes On 
2.6 7.3 1088.0 329.8 3500 18 194.4 
Beeds 0.6 57.8 62.2 233.5 41.6 12.6 Artificial Yes On 
2.6 7.3 857.7 490.6 7676 41 187.2 
Big Creek 1.4 18.0 36.4 124.1 12.4 9.7 Artificial Yes On 
5.3 16.2 3487.7 1066.3 19639 367 53.5 
Big Spirit" 3.3 7.5 15.6 52.7 1.5 1.3 Natural No On 
5.3 7.3 5806.5 4727.0 13950 4169 3.3 
Blackhawk 0.6 40.4 133.1 175.2 19.9 3.5 Natural No On 
1.6 3.7 2512.1 1462.4 4961 374 13.3 
Bobwhite 0.1 151.7 6.9 474.0 125.2 3.3 Artificial No Off 
1.5 4.3 1504.1 374.4 1375 36 38.2 
Briggs Woods 1.1 21.0 62.5 182.9 8.5 12.4 Artificial Yes On 
3.6 9.1 993.0 390.4 1054 24 43.9 
Center 0.8 18.2 33.0 105.3 3.8 3.3 Natural No On 
3.5 4.6 1380.8 1103.0 302 89 3.4 
Central 1.2 11.0 31.4 176.0 1.3 1.5 Artificial Yes Off 
2.4 5.5 676.0 297.5 148 10 14.8 
Gear 0.4 53.4 54.8 155.4 10.0 4.1 Natural No On 
2.9 5.8 6060.0 3476.9 3548 1491 2.4 
Cold Springs 0.9 25.6 42.8 63.8 8.9 1.7 Artificial Yes Off 
2.1 4.3 366.6 269.9 4 6 0.7 
Cornelia 0.8 27.9 130.8 79.5 10.9 2.2 Natural No On 
2.3 5.5 1352.3 1119.6 202 98 2.1 
Crawford Ck. 1.4 18.6 35.6 61.1 8.3 1.2 Artificial Yes Off 
3.4 9.8 1021.2 506.6 958 25 38.3 
Crystal 1.0 28.2 40.1 424.2 9.9 2.7 Natural No On 
1.5 2.4 1677.3 1129.2 741 99 7.5 
Darling 0.4 146.9 26.6 420.0 130.3 4.7 Artificial Yes Off 
2.7 7.3 2694.6 706.1 4929 121 40.7 
Diamond 1.2 13.0 9.8 120.9 9.6 3.0 Artificial Yes Off 
2.6 6.7 1557.0 479.4 1103 39 28.3 
Dog Creek 1.1 14.7 49.6 72.4 3.9 1.8 Artificial Yes Off 
3.0 6.1 598.0 275.2 1160 11 105.5 
Don Williams 0.4 50.7 10.5 322.0 40.8 8.7 Artificial Yes On 
5.2 14.0 1020.8 413.5 7847 60 130.8 
East (Osceola) 0.7 21.6 66.6 234.4 8.4 2.3 Artificial Yes Off 
2.1 4.0 490.5 218.5 100 5 20.0 
East Okoboji . 2.1 8.7 35.7 102.4 1.9 2.0 Natural Pcntial On 
3.2 6.7 5164.8 2048.9 4942 743 6.7 
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Lake 
Nam~ A B C 0 E F G H I 
Faster 0.7 41.4 44.2 100.6 30.3 1.6 Artificial Yes Off 
3.3 7.6 1723.2 557.2 2618 70 37.4 
Eldred-Sher. 0.8 24.8 35.2 144.5 13.2 14.4 Artificial Yes On 
2.8 6.7 421.4 229.4 778 8 97.3 
Five Island 0.1 130.4 255.0 281.9 68.7 5.4 Natural No On 
1.0 2.6 4934.5 1560.8 3411 404 8.4 
Geode 1.4 16.8 12.0 166.5 7.8 3.7 Artificial Yes Off 
7.2 15.8 1542.3 580.1 3994 76 52.6 
George Wyth 1.2 8.8 15.0 63.0 3.6 1.1 Artificial Partial Off 
2.7 4.6 1446.5 583.5 263 21 12.5 
Green Castle 3.5 9.1 21.1 53.2 5.5 1.9 Artificial Yes Off 
2.8 7.6 530.2 247.2 107 3 35.7 
Green Valley 1.0 19.3 37.8 135.8 10.6 1.4 Artificial Partial Off 
3.0 7.9 2134.0 715.0 2004 173 11.6 
Hannen 1.7 8.0 18.1 133.0 2.4 1.6 Artificial Yes Off 
2.7 6.7 969.6 309.5 235 15 15.7 
Hickory Grv. 0.7 21.9 34.9 316.1 13.0 6.7 Artificial Yes On 
5.0 13.7 1076.9 344.9 1611 36 44.8 
Hickory Hills 1.5 14.3 33.9 109.2 6.8 2.7 Artificial Yes Off 
3.1 7.6 974.4 426.7 299 22 13.6 
Icarla 1.2 23.2 51.2 100.7 13.5 2.0 Artificial Yes Off 
3.2 7.3 4251.4 871.3 6795 73 93.1 
Indian 1.0 12.4 45.0 156.4 3.7 2.0 Artificial Yes Off 
1.5 2.4 1859.7 906.5 144 21 6.9 
Ingham 0.3 69.3 74.6 194.6 32.1 3.7 Natural Partial On 
1.9 3.7 1983.7 1143.2 2789 153 18.2 
Iowa 1.3 7.5 19.0 106.4 4.3 3.2 Artificial Yes Off 
3.6 9.8 1255.4 513.8 539 43 12.5 
Kent Park 0.7 28.0 20.2 144.9 15.5 1.3 Artificial Yes Off 
2.3 6.1 869.8 322.9 266 11 24.2 
Keomah 1.0 10.6 22.2 93.0 3.4 2.5 Artificial Yes Off 
3.1 6.7 1174.0 558.6 751 34 22.1 
Lacey-Keos. 0.9 21.7 7.8 80.4 19.5 1.0 Artificial Yes Off 
3.6 8.5 544.4 295.1 293 25 11.7 
Little Sx. Pk. 3.1 11.1 4.8 27.9 6.5 0.7 Artificial No Off 
1.9 3.0 721.5 218.6 5 5 1.0 
Little Spirit 0.3 42.3 62.7 141.2 17.2 3.3 Natural No On 
1.8 3.0 2649.0 1021.4 669 250 2.7 
Little Wall 1.5 20.0 16.4 168.5 8.3 3.7 Natural No On 
1.3 1.7 1576.3 1098.7 87 104 0.8 
Lost Island 1.1 21.6 26.7 220.1 11.0 2.7 Natural No On 
3.1 4.3 3724.1 2480.5 1838 474 3.9 
Lower Gar 0.5 41.7 33.0 175.7 19.7 3.0 Natural No On 
1.1 1.7 1771.2 999.1 4572 102 44.8 
MacBride 0.7 27.1 30.3 118.3 16.6 3.2 Artificial Yes Off 
4.9 14.3 3811.6 1125.1 6558 329 19.9 
Manteno 0.9 25.6 48.7 110.8 12.7 1.3 Artificial No Off 
2.0 3.7 552.5 179.2 917 6 152.8 
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Lake 
Name A B C D E F G H I 
Mariposa 0.6 42.1 26.4 234.0 30.1 5.3 Artificial Yes Off 
2.3 5.2 523.3 241.7 233 8 29.1 
Meadow 1.2 17.7 34.0 86.0 6.7 1.7 Artificial No Off 
2.8 7.6 913.0 349.8 328 17 19.3 
Miami 0.6 23.0 37.5 125.4 12.8 1.9 Artificial Yes Off 
2.9 7.3 1853.7 649.8 1512 57 26.5 
MillCreek 1.3 17.5 32.4 92.2 10.9 1.5 Artificial Yes Off 
1.5 3.4 582.5 274.3 1456 12 121.3 
Minnewashta 1.6 9.9 35.5 131.7 1.8 2.4 Natural Partial On 
3.1 5.2 1142.1 748.9 119 49 2.4 
Moorehead 0.9 18.7 21.0 80.8 8.2 1.5 Artificial Yes Off 
3.8 6.7 1402.7 699.0 199 4 49.8 
Mormon Trail 1.6 13.6 7.3 39.0 7.8 1.1 Artificial Yes Off 
4.2 9.8 706.3 373.0 158 14 11.3 
Nelson 2.0 10.2 22.3 56.7 3.1 1.2 Artificial Yes Off 
2.8 7.6 510.6 204.8 243 5 48.6 
Nine Eagles 1.3 14.6 25.1 48.9 8.2 1.1 Artificial Yes Off 
4.0 10.4 959.5 432.5 482 27 17.9 
North Twin 0.5 43.4 74.8 102.2 19.7 3.0 Natural Partial On 
3.0 4.0 3777.8 1171.8 351 183 1.9 
Oldham 0.8 33.3 33.5 81.8 16.4 1.6 Artificial Yes Off 
3.0 7.3 695.8 198.6 279 6 46.5 
Orient 0.6 28.4 32.6 150.9 17.2 2.8 Artificial No Off 
2.0 3.7 444.1 274.3 203 6 33.8 
Otter Creek 0.9 20.5 48.8 119.4 8.3 3.2 Artificial Yes Off 
3.0 7.9 1188.0 488.0 392 30 13.1 
Ottum. Lgn. 0.4 30.2 110.6 296.6 15.8 2.7 Natural No Off 
1.9 3.7 1006.4 329.1 903 24 37.6 
Pahoja 1.5 33.5 50.2 482.5 19.2 2.7 Artificial Yes Off 
3.2 9.1 900.1 372.9 1600 7 228.6 
Pierce Creek 0.3 108.2 29.2 201.4 82.0 2.7 Artificial Yes Off 
2.1 8.5 1032.3 361.6 1129 14 80.6 
Pleasant Crk. 2.4 3.4 47.3 52.0 0.9 1.2 Artificial Yes Off 
5.1 18.3 2563.1 1085.6 841 165 5.1 
Pollmiller 1.4 8.4 28.4 89.8 4.0 1.4 Artificial Yes Off 
3.6 9.1 458.3 218.4 92 7 13.1 
. Prairie Rose 0.9 26.1 73.8 89.6 10.1 2.1 Artificial Yes Off 
3.1 8.2 1662.5 611.3 1859 83 22.4 
Red Haw 3.7 8.4 3.3 46.4 5.1 1.4 Artificial Yes Off 
4.4 12.2 975.9 239.1 363 26 14.0 
Rock Creek 0.5 29.7 24.9 167.4 20.7 7.5 Artificial Yes Off 
2.6 6.7 2154.9 827.8 9912 244 40.6 
Rodgers Park 0.3 120.0 18.2 333.0 97.9 9.7 Artificial Partial Off 
2.3 5.5 669.3 217.9 779 9 86.6 
Silver (Del.) 0.8 15.6 100.0 605.5 2.2 3.2 Artificial Partial Off 
1.9 4.6 614.6 322.3 76 14 5.4 
Silver (Dick.) 0.4 27.7 36.2 105.4 18.2 2.4 Natural No On 
1.8 3.4 3278.3 1870.5 4490 421 10.7 
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Lake 
Name A B C D E F Q H I 
Silver(PaloA) 0.2 60.7 144.1 211.8 33.5 3.3 Natural No On 
1.4 2.0 3076.3 1405.6 3236 269 12.0 
Silver(Worth) 0.6 14.1 24.1 164.5 3.5 3.6 Natural No On 
1.4 1.8 1834.0 1423.3 1032 128 8.1 
Slip Bluff 0.7 36.3 9.2 74.4 27.0 1.1 Artificial Yes Off 
3.8 7.3 560.1 185.0 93 6 15.5 
Smith 0.5 38.3 150.8 235.5 16.4 6.0 Artificial Partial On 
1.6 3.0 777.6 470.4 446 24 18.6 
Spring 1.7 11.3 6.7 36.1 8.0 1.0 Natural No On 
0.9 2.3 1037.9 339.6 146 20 7.3 
Storm 0.5 42.4 45.0 98.3 28.7 1.7 Natural Partial On 
2.4 4.0 5296.5 3783.0 5573 1254 4.4 
Swan 0.7 46.0 119.6 359.9 13.9 2.7 Artificial No Off 
1.3 1.8 1222.9 772.3 277 54 5.1 
Thayer 1.1 22.0 36.8 156.4 12.4 2.0 Artificial Yes Off 
1.9 3.7 504.7 253.6 209 6 34.8 
Three Fires 0.5 33.9 77.1 134.9 20.1 1.6 Artificial Partial Off 
2.6 °4.9 1235.1 623.8 1466 39 37.6 
Trumbull 0.2 141.6 189.2 266.7 76.3 3.3 Natural No On 
0.9 1.2 4010.8 1931.8 18197 479 38.0 
Tuttle 0.3 51.5 147.9 166.0 23.2 5.0 Natural No On 
1.1 1.8 5121.6 2359.5 44441 955 46.5 
Union Grove 0.8 21.9 53.3 115.2 11.2 9.3 Artificial Yes Off 
1.8 4.9 1589.6 654.8 2687 48 56.0 
Upper Gar 1.1 19.5 136.9 191.0 5.3 2.8 Natural No On 
1.1 1.5 851.5 408.2 179 14 12.8 
Upper Pine 1.0 6.8 41.6 134.2 4.7 13.0 Artificial Partial Off 
2.2 4.9 1255.7 438.8 3364 28 120.1 
Viking 1.5 25.4 62.8 90.0 12.5 1.6 Artificial Yes Off 
4.6 14.6 1897.1 617.0 857 55 15.6 
Wapello 1.0 9.0 16.4 56.6 3.1 0.9 Artificial Yes Off 
3.9 10.4 2626.1 747.0 2003 117 17.1 
West Okoboji 4.8 3.2 9.9 30.5 1.6 0.8 Natural Yes On 
11.5 41.5 8696.2 3108.9 5531 1558 3.6 
WilliamsonPd 0.1 157.2 3.0 386.3 127.2 3.7 Artificial Yes Off 
2.5 5.5 720.3 291.6 561 12 46.8 
WIllow 1.9 18.1 36.6 67.3 8.7 1.3 Artificial Yes Off 
3.7 7.3 633.0 305.6 194 11 17.6 
Wilson (Lee) 1.9 6.1 15.9 47.5 3.1 1.0 Artificial Yes Off 
3.8 9.8 318.0 194.6 17 3 5.7 
Wilson(Tay1.) 0.8 18.7 42.3 64.4 9.8 1.3 Artificial Yes Off 
2.8 6.7 569.4 261.8 58 7 8.3 
Windmill 0.7 18.5 97.8 117.3 7.1 2.0 Artificial No Off 
3.0 6.7 556.2 320.9 242 10 24.2 
YenRouGis 3.9 4.2 3.0 32.4 3.4 0.7 Artificial Yes Off 
2.8 7.3 381.5 178.9 11 4 2.8 
98 
Appendix A.3 
1990 Individual Lake Data 
The following tables contain all the data obtained for each lake during the 1990 survey. Secchi 
disk depths were taken only once per sampling period, while the other water quality parameters 
were taken in triplicate (three different sites on the lake, one being the deepest spot). 
Lake Name (County) 
Sample Date SECC = Secchi Disk Depth (m) TP = Total Phosphorus (mg/cu. m) 
TSS = Total Suspended Solids (mg/l) INORGSS = Inorganic Suspended 
Solids (mg/l) 
CHLA = Chlorophyll a (mg/cu. m) TN = Total Nitrogen (mgll) 
TEMP = Temperature proftle (degrees C) 
beginning with a surface measurement 
and continuing every meter until 
the bottom was reached 
NOTES = Field notes taken while sampling 
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Lake Ahqyabi {Warlen} 
May 29 SECC 1.4 TP 102.2 109.7 91.8 
TSS 14.2 4.0 6.6 INORGSS 6.9 1.2 2.4 
CHLA 28.0 31.5 44.3 TN 1.3 1.5 1.8 
TEMP 23.1 22.0 175 15.1 14.4 14.0 12.7 
NOTES sunny, breezy, valley lake, good tree coverage 
June 27 SECC 0.05 TP 301.8 301.8 301.8 
TSS 134.0 184.8 138.7 INORGSS 82.0 1275 84.5 
CHLA 6.4 27.5 13.5 TN 1.8 1.9 2.0 
TEMP 26.4 24.323.321.420.4 19.1 
NOTES mostly sunny, hot 
July 25 SECC 0.1 TP 168.6 174.6 162.5 
TSS 66.5 63.7 64.1 INORGSS 57.6 55.5 56.3 
CHLA 74.9 70.2 77.2 TN 1.7 1.7 1.8 
TEMP 24.5 24.5 24.5 24.1 21.4 19.6 
NOTES overcast, light breeze 
Lake Anita (Cass} 
June 6 SECC 4.0 TP 71.2 83.1 70.0 
TSS 2.9 6.0 7.3 INORGSS 0.0 0.0 9.1 
CHLA 11.7 105 6.7 TN 1.4 1.2 1.2 
TEMP 18.1 18.1 18.1 17.8 17.4 17.2 17.1 17.0 16.9 16.3 15.2 
NOTES overcast, showers, gentle slopes, exposed 
July 9 SECC 0.9 TP 71.8 75.0 74.3 
TSS 20.2 19.4 23.3 INORGSS 0.0 0.0 4.2 
CHLA 59.0 57.3 55.0 TN 1.6 1.3 1.5 
TEMP 28228.127.627.026.3 23.8 21.420.419.318.1175 
NOTES cloudy, breezy, small bright green algae 
August 7 SECC 0.8 TP 70.1 63.7 63.7 
TSS 21.9 17.2 20.2 INORGSS 8.9 5.1 7.1 
CHLA 64.6 64.6 65.5 TN 1.2 1.2 1.3 
TEMP 25.424.023.823.723.423.3 22.822.3 19.7 
NOTES partly sunny • light breeze 
Arbor l.ak~ (Poweshiek) 
. May 31 SECC 1.4 TP 232.1 232.1 239.0 
TSS 11.1 12.4 15.1 INORGSS 4.8 5.7 6.8 
CHLA 42.8 51.3 59.8 TN 3.8 3.7 3.7 
TEMP 20.3 19.3 15.3 14.1 13.1 11.1 10.6 
NOTES mostly sunny. breezy. lots of ducks and geese. protected from 
wind. possibly a spring 
July 3 SECC 0.9 TP 66.5 66.2 53.6 
TSS 9.7 12.5 11.3 INORGSS 0.0 0.0 0.0 
CHLA 35.2 36.1 24.6 TN 3.1 3.0 2.8 
TEMP 27.6 26.4 20.9 17.6 15.7 14.2 
NOTES clear, breezy 
July 31 SECC 0.7 TP 170.7 184.4 196.5 
TSS 18.1 18.5 18.1 INORGSS 6.3 7.0 6.6 
CHLA 84.2 76.8 84.9 TN 2.4 2.0 2.1 
TEMP 27.424.121.817.9 15.3 13.1 
NOTES partly cloudy. calm, pea soup 
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Arrowhead Ulke (Sa!;) 
June 14 SECC 3.5 TP 46.9 50.5 39.0 
TSS 20.7 16.0 16.9 INORGSS 12.7 8.2 8.4 
CHLA 12.4 ILl 13.0 TN 1.1 1.0 1.0 
TEMP 23.823.4 22.7 22.2 20.9 20.4 
NOTES clear and windy, good tree cover, sheltered from wind, sandy 
areas, an old gravel pit 
July 14 SECC 2.0 TP 36.4 35.1 36.1 
TSS 12.6 16.1 12.8 INORGSS 0.2 3.7 1.5 
CHLA 13.5 11.9 13.2 TN 1.3 1.2 1.4 
TEMP 24.0 23.3 23.1 23.0 22.8 22.7 20.5 
NOTES clear, breezy but lake calm, dead aquatic plants around shore 
August 13 SECC 2.0 TP 35.0 27.9 32.4 
TSS 6.4 5.3 5.3 INORGSS 2.4 1.2 1.8 
CHLA 15.0 15.9 15.9 TN 0.9 0.9 1.0 
TEMP 24.8 24.5 24.3 24.2 23.9 23.4 22.4 
NOTES clear, breezy 
D!IDier Ulke QYebster) 
June 18 SECC 0.2 TP 306.4 314.3 314.3 
TSS 77.4 66.8 72.0 INORGSS 53.5 49.2 49.9 
CHLA 2.6 1.9 1.9 TN 14.1 13.2 14.2 
TEMP 205 19.3 17.3 16.8 15.4 12.7 12.1 
NOTES clear and breezy, steep slopes, good tree coverage, fudge-
colored water 
July 13 SECC 0.7 TP 104.9 91.7 87.8 
TSS 27.9 35.4 34.5 INORGSS 12.0 19.4 16.1 
CHLA 87.0 83.3 64.6 TN 17.5 18.3 17.0 
TEMP 22.021.720.2 18.6 15.9 145 
NOTES clear, breezy 
August 11 SECC 1.9 TP 74.3 64.6 86.2 
TSS 11.1 12.3 10.1 INORGSS 4.0 3.9 4.3 
CHLA 58.6 54.6 59.3 TN 14.3 14.4 14.7 
TEMP 25.724.922.720.0 17.4 15.9 
NOTES partly sunny, light breeze, dying algal mats along shore, 
l&ptidora on filter 
Heeds Lake fFrnokJiol 
May 28 SECC 0.9 TP 126.5 108.5 131.0 
TSS 8.2. 3.8 6.8 INORGSS 0.4 0.0 0.4 
CHLA 88.7 30.8 63.3 TN 10.9 11.3 11.3 
TEMP 16.8 15.1 14.2 13.4 12.0 11.3 11.1 10.9 10.9 
NOTES sunny, light breeze, gentle slope with trees aU around 
June 29 SECC 0.7 TP 283.6 257.8 256.3 
TSS 52.8 55.3 52.0 INORGSS 31.8 33.6 30.2 
CHLA 24.3 25.2 28.7 TN 15.1 16.1 16.1 
TEMP 24.4 21.9 195 17.3 16.4 
NOTES mostly sunny, calm 
July 27 SECC 0.1 TP 293.3 294.8 349.3 
TSS 95.9 120.1 125.5 INORGSS 78.2 98.8 100.9 
CHLA 94.1 104.0 101.0 TN 10.7 11.3 10.7 
TEMP 19.7 19.6195 19.4 19.4 19.4 18.7 175 15.3 
NOTES overcast, showers, breezy, high water, scattered duckweed, 
lots of flood debris, muddy, rapid inflow 
BiJ: Creek Lake (Polk) 
June 2 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 7 SECC 
August 5 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
BiJ: Spirit Lake (Dickinson) 
May 26 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 30 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 28 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Blackhawk Lake (Sac) 
June 14 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 14 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 13 SECC· 
TSS 
CHLA 
TEMP 
NOTES 
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1.9 TP 164.5 176.4 169.8 
23.3 6.3 25.3 INORGSS 25.8 9.6 27.1 
4.0 7.5 6.1 TN 9.1 9.1 9.3 
15.6 15.6 155 15.3 15.3 15.0 14.2 14.0 13.6 13.4 13.3 13.0 
12.8 
mostly cloudy. windy. exposed 
1.0 TP 121.0 121.0 119.3 
14.0 13.6 14.2 INORGSS 1.9 1.9 1.0 
49.8 51.3 50.3 TN 9.5 9.7 9.4 
24.624.624.423.121.720.6 19.5 18.5 18.2 18.0 17.6 17.2 
16.6 16.2 
mostly sunny. calm 
1.3 TP 104.2 69.3 71.4 
19.1 19.3 26.7 INORGSS 12.1 12.4 19.4 
51.1 53.8 53.3 TN 10.7 9.9 10.3 
24.224.224.224.224.224.224.224.0 19.3 18.7 18.0 17.2 
clear, breezy 
5.0 TP 45.9 51.7 
0.8 0.7 0.6 INORGSS 0.0 0.0 
6.1 6.1 7.3 TN 1.0 0.9 
16.6 15.6 15.0 14.8 14.7 14.0 
partly cloudy. light breeze. very exposed 
3.0 TP 44.2 37.1 
15.3 12.2 10.8 INORGSS 2.3 0.4 
20.9 25.7 28.2 TN 2.0 1.3 
26.926.726526.326.225.823.8 
clear. breezy, large unicellular algal bloom (Gleotrichia) 
1.9 TP 67.9 64.5 
9.2 8.8 8.7 INORGSS 4.0 3.4 
15.2 15.6 15.1 TN l.l 1.2 
24.0 23.9 23.0 22.8 22.8 22.8 21.4 
mostly cloudy. breezy 
49.0 
0.0 
1.1 
46.5 
0.0 
1.9 
67.4 
3.8 
l.l 
0.9 TP 
INORGSS 
TN 
143.0 
15.6 
4.0 
128.7 95.1 
30.6 28.9 29.4 16.8 18.6 
30.6 36.8 36.2 3.9 4.4 
24.5 24.5 24.5 22.8 
sunny and windy, flat terrain, whole place reeks of dead fish 
0.6 TP 133.4 145.2 
48.3 35.3 33.6 INORGSS 24.3 15.6 
110.3 107.3 112.8 TN 3.5 3.5 
23.1 22.1 21.4 21.5 
clear, light breeze. small-type Apbanjzomenon 
0.2 TP 275.6 268.1 
50.9 54.9 51.4 INORGSS 25.0 26.3 
250.7 267.4 245.7 TN 2.9 2.9 
25.4 24.6 24.5 24.2 
clear, light breeze, datk and umddy 
128.6 
12.6 
3.5 
259.1 
23.9 
3.0 
Bobwhite lake <Wayne) 
June 8 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 7 
August 5 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Briiis Woods lake (HamiltQ!l) 
June 2 ·SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 3 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 30 SECC 
TSS 
CHLA 
TEMP 
NOTES 
~ent~ lake (.DkkiD~) 
May 26 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 30 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 28 SECC· 
TSS 
CHLA 
TEMP 
NOTES 
102 
0.05 TP 
179.2 212.2 202.2 INORGSS 
10.0 10.0 9.4 'IN 
17.8 17.0 16.9 16.5 16.2 
428.2 603.8 300.4 
176.6 20.62 191.2 
4.2 4.4 4.1 
overcast, muggy, lots of trees, battle with local farmers for soil 
conservation practices, drained 2 years ago to get rid of carp, but 
sediment wasn't removed, thus very muddy water 
0.05 TP 557.3 
157.6 173.2 160.8 INORGSS 109.6 
5.3 5.3 4.7 'IN 3.9 
28.7 28.0 26.7 26.1 21.4 
mostly sunny, windy, muddy 
557.3 525.1 
118.0 106.2 
3.5 3.3 
0.1 TP 411.6 470.6 411.6 
92.6 90.7 96.9 INORGSS 72.1 72.1 74.9 
7.4 5.9 3.9 TN 2.2 2.3 2.2 
25.6 24.8 24.0 23.8 21.8 
partly sunny, windy, muddy 
1.5 TP 
21.8 10.3 11.3 INORGSS 
47.1 59.1 72.5 TN 
243.6 
16.8 
13.0 
14.7 14.6 13.8 13.1 12.7 12.1 11.8 11.4 10.5 
rain and wind, good tree coverage 
0.9 TP 207.8 
25.2 32.4 26.3 INORGSS 0.8 
105.5 120.5 129.4 'IN 13.3 
26.424.3 21.5 18.8 16.8 14.5 12.9 12.2 11.8 11.4 
clear, windy, algal mats along shore 
1.0 TP 81.6 
27.0 13.2 21.8 INORGSS 12.4 
10.3 8.9 9.1 TN 12.0 
26.225.121.8 18.7 16.5 14.5 12.5 11.6 11.1 10.8 
partly cloudy, windy 
0.9 TP 96.8 
2.1 6.0 6.3 INORGSS 0.0 
22.4 23.6 19.9 TN 6.4 
17.5 17.2 16.115.7 15.6 14.0 
229.8 
11.0 
13.1 
294.2 
2.7 
11.1 
82.8 
9.0 
12.1 
115.7 
0.1 
2.6 
mostly sunny ,light breeze, gradual slope, exposed to wind 
0.7 TP 85.6 82.0 
22.4 27.4 22.9 INORGSS 0.0 2.0 
49.4 48.4 50.8 'IN 2.8 3.0 
28.5 27.4 25.8 24.7 22.7 22.0 
clear, breezy 
0.8 TP 112.1 128.3 
16.9 30.3 29.2 INORGSS 8.2 11.6 
28.8 26.9 26.7 'IN 3.4 3.6 
25.024.623.523.422.721.9 
mostly cloudy, breezy 
252.8 
12.3 
13.1 
180.5 
1.2 
11.0 
73.3 
9.9 
12.4 
111.2 
1.8 
2.8 
115.6 
0.0 
2.4 
100.4 
10.2 
3.0 
103 
Central Lake (Jones) 
May 21 SECC 1.1 TP 135.4 137.3 143.7 
TSS 15.2 11.0 10.0 INORGSS 4.4 1.5 0.4 
CHLA 32.1 29.9 29.4 1N 1.1 1.0 1.0 
TEMP 15.2 15.1 15.1 14.6 14.3 14.1 
NOTES overcast, light breeze, gentle slopes, sparse tree coverage, lots 
of peninsula/islands 
June 21 SECC 1.6 TP 167.0 168.5 162.4 
TSS 4.7 4.7 3.8 INORGSS 2.1 0.4 0.3 
CHLA 31.5 33.2 32.0 1N 1.4 1.7 1.5 
TEMP 22.822.822.5 21.7 17.9 15.9 
NOTES overcast, breezy, algal bloom in progress (Aphanizomenon) 
July 20 SECC 0.9 TP 219.1 223.7 226.8 
TSS 19.0 15.8 14.8 INORGSS 1.5 0.4 0.4 
CHLA 29.5 41.9 22.9 1N 1.9 2.2 1.8 
TEMP 26.5 25.1 24.3 21.1 19.1 18.1 
NOTES rain, small bright green algae 
CI~ Lak~ (Cerro Gordo) 
May 28 SECC 0.4 TP 197.7 188.7 208.5 
TSS 22.6 28.4 24.0 INORGSS 0.0 0.0 0.0 
CHLA 20.3 101.1 61.5 1N 3.7 3.5 3.6 
TEMP 18.9 16.5 16.2 15.1 13.7 
NOTES mostly sunny, calm, exposed, filters clogged 
June 29 SECC 0.3 TP 135.0 163.8 126.4 
TSS 62.8 58.8 69.8 INORGSS 0.7 0.0 0.0 
CHLA 52.3 67.9 70.9 1N 3.7 3.3 8.8 
TEMP 26.7 26.4 25.8 25.1 24.1 
NOTES mostly sunny, light breeze 
July 27 SECC 0.4 TP 125.2 117.6 135.4 
TSS 76.7 72.3 77.6 INORGSS 28.8 29.5 31.1 
CHLA 37.7 35.8 33.2 1N 3.5 3.2 3.2 
TEMP 22.0 22.0 22.0 22.0 22.0 21.4 
NOTES overcast, breezy, small dull-green algal bloom, some small-type 
Apbaniromenon 
CQld Sprinl:::Z Lake (CB§s) 
June 6 SECC 1.3 TP 49.8 73.3 53.9 
TSS 12.5 23.7 33.6 INORGSS 10.5 21.6 29.2 
CHLA 19.3 18.0 19.9 1N 1.6 1.4 1.9 
TEMP 20.2 20.2 18.9 17.8 
NOTES overcast, sprinkles, fairly well sheltered by trees 
July 9 SECC 0.9 TP 80.0 67.4 70.5 
TSS 24.9 27.0 29.3 INORGSS 0.0 0.0 0.8 
CHLA 30.9 41.3 40.4 1N 1.7 1.9 1.3 
TEMP 30.2 30.1 27.3 23.6 17.7 
NOTES mostly sunny, breezy 
August 7 SECC 0.6 TP 58.3 61.9 58.6 
TSS 22.5 32.1 24.5 INORGSS 3.1 9.2 6.1 
CHLA 78.8 77.4 59.2 1N 2.3 1.4 1.8 
TEMP 27.624.824.022.0 19.7 
NOTES partly sunny,light breeze 
Lake Cornelia (Wri~tl 
May 28 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 29 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 27 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Crawford Creek Yke ada) 
June 14 SECC 
July 14 
August 13 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
. Crystal LUre <Hancock) 
June 18 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 13 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 11 SECC 
TSS 
CHLA 
TEMP 
NOTES 
104 
1.0 TP 73.3 95.9 67.0 
3.6 3.0 2.2 INORGSS 0.0 0.0 0.0 
11.1 9.0 9.7 1N 2.6 1.8 2.4 
18.3 17.9 16.8 16.1 15.4 15.1 14.2 
mostly sunny, cool breeze, exposed, has been dredged 
0.9 TP 67.1 67.6 67.6 
32.1 30.7 29.3 INORGSS 2.9 2.2 2.4 
23.4 25.0 26.2 1N 2.2 2.5 2.5 
26.4 26.0 25.5 25.4 24.4 
mostly sunny, breezy 
0.4 TP 99.4 89.6 88.1 
59.3 56.3 34.6 INORGSS 32.3 31.4 26.6 
379.0 386.8 306.7 1N 2.0 1.9 2.3 
22.422.4 22.4 22.4 22.4 22.4 22.1 
overcast. breezy 
1.5 TP 78.6 50.7 56.6 
21.8 21.6 21.1 INORGSS 11.8 12.0 12.4 
26.8 25.5 18.0 1N 1.2 1.4 1.4 
23.7 23.723.6 23.422.2 21.3 21.1 21.020.1 
sunny and breezy, hilly but very exposed, no trees, algal bloom 
on the rise 
0.9 TP 68.7 74.3 67.0 
24.8 21.3 16.2 INORGSS 10.5 8.2 2.4 
54.3 50.5 48.2 1N 1.3 1.1 1.2 
24.023.722.5 22.222.021.821.721.5 21.2 20.7 
clear, breezy, smaIl Aphaniwmenon 
1.7 TP 54.1 42.4 57.6 
10.6 11.4 18.2 INORGSS 3.1 4.0 10.6 
33.3 32.5 31.3 1N 1.2 1.3 1.1 
25.024.624523.022.5 22.322.2 22.121.721.0 
partly sunny, breezy, tiny Aphanizomenon 
2.0 TP 
INORGSS 
1N 
476.3 628.6 470.0 
15.0 13.3 13.5 4.3 5.0 5.7 
14.5 14.5 22.4 3.1 2.3 2.8 
22.4 22.4 22.4 
sunny and windy, clear to bottom, rolling terrain, exposed 
0.6 TP 557.5 496.2 
38.1 44.5 41.1 INORGSS 15.1 11.5 
83.1 76.9 72.3 1N 3.3 2.8 
21.4 21.3 20.8 
clear, breezy, aeratore present, algal bloom (pea soup), stinks 
0.5 TP 223.0 229.0 
34.3 27.7 26.0 INORGSS 16.4 12.9 
26.6 24.3 26.3 1N 2.1 2.2 
26.0 25.4 24.0 
mostly sunny, breezy, light clay colored water, "fluffy" algal 
bloom 
502.7 
7.8 
3.7 
235.0 
10.9 
1.9 
Lake Oarlio: <Washin~on) 
May 19 SECC 
June 24 
July 22 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Diamond Lake (Poweshiekl 
May 20 SECC 
June 25 
July 23 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
1m Creek Lake (O'Brien) 
June 13 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 17 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 15 SECC 
TSS 
CHLA 
TEMP 
NOTES 
105 
0.6 TP 103.3 131.2 
25.4 22.6 33.5 INORGSS 3.5 2.6 
87.1 68.3 51.2 TN 5.7 4.8 
18.2 18.1 18.1 17.5 17.5 16.1 13.4 
partly cloudy, windy and choppy (SW wind), good tree 
coverage all around, gently sloping meadows 
0.5 TP 879.9 
321.4 307.1 253.S INORGSS 290.6 
1.5 7.3 1.2 TN 4.5 
25.921.321.220.7 IS.4 IS.3 IS.2 
clear and warm, muddy water 
0.05 TP 377.3 
128.8 114.0 115.4 INORGSS 102.6 
10.5 5.3 7.0 TN 4.3 
24.324.123.222.721.620.1 19.7 
clear, breezy, muddy, water level looks up a half foot 
2.1 TP 
3.5 5.2 7.7 INORGSS 
5.5 10.5 13.9 TN 
17.017.017.0 17.0 17.0 17.0 15.9 
65.9 
0.0 
2.0 
746.6 
276.6 
5.0 
416.9 
96.8 
4.2 
68.8 
0.0 
2.3 
108.3 
12.7 
5.0 
716.3 
287.3 
5.S 
300.0 
99.6 
4.4 
73.3 
0.0 
2.0 
overcast, light breeze, lots of peninsulas/inlets, gently sloping, 
lots of Apb!!nj wmenon 
0.4 TP 
26.1 28.4 2S.4 INORGSS 
0.5 0.8 0.2 TN 
24.9 22.2 20.9 20.0 19.1 18.0 17.2 16.3 
mostly cloudy, light breeze 
1.0 TP 
5.0 6.3 6.6 INORGSS 
19.6 19.2 18.1 TN 
24.923.923.322.821.7 18.1 16.9 
mostly sunny, light breeze 
235.1 
22.2 
4.2 
57.6 
4.2 
2.5 
235.1 
24.0 
4.2 
63.3 
5.4 
2.7 
227.6 
24.4 
4.2 
61.S 
6.1 
2.6 
1.8 TP 60.2 55.6 59.3 
13.4 14.9 17.5 INORGSS 6.7 8.3 10.6 
18.6 33.1 19.9 TN 1.4 1.5 1.3 
25.1 24.0 225 20.2 18.4 14.4 13.4 12.6 
clear, calm, steep bills but modest tree coverage, Aphanizomenon 
0.8 TP 100.6 93.5 99.1 
15.6 15.1 15.0 INORGSS 0.0 0.0 0.0 
76.8 89.9 85.6 TN 2.2 2.3 2.4 
245 24.4 225 21.7 20.7 18.3 16.1 15.0 
partly cloudy, windy, small-type .Anblm., algal mats along shore 
0.8 TP 63.0 59.1 61.6 
15.3 13.5 12.4 INORGSS 3.9 4.2 I.S 
35.8 42.1 44.5 TN 2.2 1.5 1.6 
27.124.624.023.2 20.9 17.8 17.4 
partly sunny, light breeze, algal mats along shore 
Don Williams Lake <Boone) 
June 2 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 2 SECC 
July 30 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
106 
0.4 TP 381.6 358.6 
33.1 42.3 33.0 INORGSS 33.7 38.5 
6.1 ILl 6.1 TN 10.5 10.3 
16.2 15.9 15.3 14.2 135 13.5 12.9 12.1 11.8 11.4 11.2 
rain and wind, generally flat terrain 
358.6 
35.3 
10.1 
0.8 TP 198.7 203.3 194.2 
14.7 16.8 16.2 INORGSS 6.1 7.7 7.5 
15.6 12.0 12.3 TN 10.2 10.3 
21.720.9 19.8 19.3 18.4 17.5 16.8 15.8 15.2 13.4 12.9 12.4 
12.2 
clear, windy 
0.1 TP 394.9 394.9 413.2 
103.6 92.7 103.4 INORGSS 82.9 70.0 85.1 
11.7 9.9 9.9 TN 5.9 6.1 5.9 
22.222.222.222.220.8 19.3 17.5 16.2 15.0 13.8 13.1 12.2 
11.8 
mostly cloudy, windy, muddy 
East Lake (at Osceola. Clarke County) 
June 8 SECC 0.7 TP 186.8 
14.2 
3.3 
191.4 226.2 
July 8 
August 6 
TSS 19.4 18.7 24.6 INORGSS 15.8 19.3 
CHLA 62.6 76.4 72.0 TN 2.4 2.9 
TEMP 20.0 18.8 17.7 16.9 16.3 15.2 
NOTES mostly sunny, breezy, decent tree coverage, possible fish kill, 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
filamentous greens along shore 
0.7 TP 
25.3 23.4 25.2 INORGSS 
35.9 37.4 36.7 TN 
26.726.625.5 19.8 18.2 17.3 
mostly cloudy, breezy, monster bass 
0.8 TP 
18.9 19.5 19.5 INORGSS 
95.5 92.7 90.1 TN 
23.923.923.920.5 185 17.0 
283.5 
2.5 
1.6 
220.5 
4.8 
2.4 
318.9 
2.1 
1.8 
212.4 
7.2 
2.2 
clear, breezy, small-type Aphanjzomenon bloom, sparse 
noxious blue-greens along shore 
283.5 
1.7 
2.0 
186.2 
7.9 
2.1 
Lake East Olmboji {Dickinson) 
May 27 SECC 3.0 TP 90.4 85.9 76.9 
TSS 3.7 3.0 2.9 INORGSS 0.0 0.0 0.0 
CHLA 6.1 6.7 5.4 TN 1.7 2.1 1.7 
TEMP 16.0 16.0 16.0 15.9 15.9 15.6 15.3 14.6 
NOTES mostly cloudy, breezy, exposed 
July 1 SECC 1.5 TP 53.2 50.6 60.5 
TSS 9.0 8.2 7.4 INORGSS 0.0 0.0 0.0 
CHLA 31.1 30.7 31.9 TN 1.3 1.5 1.5 
TEMP 27.1 27.026.826.023.923.221.7 
NOTES showers, Apbanjzomenon bloom 
July 29 SECC 1.7 TP 162.5 167.0 174.6 
TSS 13.8 17.3 13.4 INORGSS 5.3 6.4 5.6 
CHLA 58.8 76.4 74.6 TN 2.5 2.8 3.3 
TEMP 23.7 23.7 23.8 23.8 23.8 23.7 22.6 
NOTES partly cloudy, breezy, large Apbanizomeuon bloom 
Easter Lake (polk) 
June 2 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 7 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 5 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Ekked-Sherwood Lake CHancock) 
May 28 SECC 
June 29 
July 27 
TSS 
.CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Five Island I.ake (Palo AIW> 
June 15 SECC 
July 16 
August 14 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
107 
0.6 TP 
68.3 71.7 97.0 INORGSS 
53.4 53.4 48.5 1N 
19.7 19.6 19.6 19.6 
partJy cloudy, very windy, generally exposed 
0.8 TP 
22.1 20.2 24.0 INORGSS 
24.7 25.4 24.4 1N 
26.926.926.726.021.020.9 
clear, windy 
0.7 TP 
27.7 22.1 19.5 INORGSS 
55.2 55.0 57.6 1N 
24.7 24.5 24.3 24.2 22.8 20.0 
mostly sunny, windy 
1.0 TP 
11.6 9.7 9.1 INORGSS 
66.1 61.2 64.7 1N 
20.5 17.5 14.6 13.8 12.7 11.8 11.4 11.2 
164.9 
62.5 
1.8 
71.1 
6.2 
1.8 
72.6 
16.8 
1.2 
135.5 
2.6 
3.8 
160.1 
65.5 
1.3 
77.4 
4.5 
2.2 
71.4 
11.3 
1.2 
138.2 
1.4 
3.7 
146.8 
87.1 
1.4 
69.7 
7.8 
1.9 
71.4 
11.2 
1.5 
143.6 
4.1 
3.7 
mostly sunny, light breeze, snake-like lake, gently sloping hills, 
generally exposed 
0.8 TP 
33.4 30.3 28.9 INORGSS 
37.4 33.1 33.3 1N 
125.4 
15.5 
21.8 
26.421.4 19.2 18.3 17.1 16.4 16.0 15.6 
mostly sunny, breezy, Aphanizomenon bloom 
0.5 TP 170.1 
31.8 36.0 32.3 INORGSS 22.1 
7.7 6.3 7.0 1N 17.0 
1275 
12.9 
21.9 
171.6 
25.6 
17.6 
20.620.6205 18.2 17.9 17.1 15.4 15.3 
ov~,breezy,muddy,~levelup,l\phanizoD1enon 
0.2 
137.7 121.9 131.7 
237.1 223.0 221.7 
24.022.1 
TP 
INORGSS 
1N 
314.3 
67.1 
4.8 
266.7 
70.3 
4.6 
125.9 
ILl 
22.1 
162.5 
23.2 
17.7 
314.3 
76.4 
4.6 
mostly cloudy, breezy, flat terrain, good tree coverage, long and 
thin lake, DNR killed fish 6 years ago 
0.1 TP 
105.9 230.2 104.7 INORGSS 
205.6 304.2 187.2 1N 
25.422.9 
clear, windy 
0.1 
111.3 121.9 108.0 
304.9 302.3 308.8 
24.323.5 
TP 
INORGSS 
1N 
290.0 386.7 
36.1 1545 
5.4 7.1 
309.7 
37.2 
6.5 
215.4 223.0 216.9 
55.8 64.6 56.5 
4.8 5.6 5.0 
clear and windy ,large pumping (dredging?) operation 
Udce Geode <Hemy) 
May 19 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 24 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 22 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Geofie Wyth Lake (Black Hawk) 
May 21 SECC 
June 21 
July 20 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Green Castle Lake fMmball) 
May 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 3 SECC 
July 31 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
108 
2.8 TP 138.2 137.3 147.4 
2.2 7.4 5.5 INORGSS 0.0 0.0 0.0 
8.6 9.2 11.1 TN 3.4 3.2 3.2 
14.7 14.5 14.3 13.6 13.5 13.413.1 13.1 13.0 12.49.08.68.3 
steep banks, covered with trees, lots of rocks 
0.4 TP 189.7 212.4 221.5 
35.4 33.2 47.4 INORGSS 9.6 28.4 29.3 
0.8 1.3 2.3 TN 4.0 4.5 4.2 
28.5 20.820.3 20.1 20.0 19.9 19.8 19.7 19.2 18.7 17.2 14.2 12.3 
mostly sunny, breezy, grayish water 
1.0 TP 153.6 155.1 143.6 
7.2 7.8 5.2 INORGSS 1.0 1.6 0.5 
24.2 21.8 28.6 TN 3.6 3.5 3.7 
24.5 24.5 24.3 24.023.923.823.4 22.8 22.622.1 20.7 16.2 
14.4 
partly sunny, breezy, small algal bloom, some Aphanizomenon 
present, noxious blue-green stains along shore 
1.4 TP 81.9 76.8 86.2 
9.2 7.4 3.6 INORGSS 0.0 0.0 0.0 
17.4 11.7 11.7 TN 1.2 1.2 l.l 
15.1 15.0 15.0 14.9 14.8 14.0 
overcast with sun, cool breeze, lake looks altered, lots of rye 
planted along shoreline, dredged? , modest coverage, low slope 
1.0 TP 59.4 53.6 52.6 
8.3 7.6 8.2 INORGSS 4.8 4.0 4.5 
17.7 17.6 17.1 TN 1.3 1.2 1.2 
22.722.722.522.322.021.2 
overcast, breezy, large lake expansion 2-3 years ago 
1.3 TP 56.1 54.0 46.3 
11.4 7.9 15.3 INORGSS 5.7 3.1 10.7 
20.2 13.9 7.8 TN 1.0 0.8 0.9 
25.224.924.224.023.021.821.0 
mostly cloudy, light breeze 
4.5 TP 
13.8 12.5 9.2 INORGSS 
40.7 43.6 27.3 TN 
19.5 19.5 19.4 19.1 15.3 14.4 14.0 13.2 
partly sunny, windy, exposed 
59.1 
6.9 
2.9 
4.0 TP 27.9 
3.9 4.1 4.2 INORGSS 0.0 
5.7 5.1 5.6 TN 1.7 
28.727.627.3 27.1 24.820.1 17.7 15.6 14.9 
117.1 
5.6 
2.4 
26.2 
0.0 
1.8 
57.3 
9.1 
2.4 
25.1 
0.0 
1.7 
clear, windy, lake acquired by govt. in 1977, no swimming/boating allowed, 
excellent walleye fishing, clay-like soils along shore 
1.9 TP 56.1 53.4 
8.0 10.4 16.2 INORGSS 6.3 8.5 
22.5 20.4 19.4 TN 1.3 1.2 
26.924.824.222.7 21.8 21.0 18.3 15.3 14.3 
partly cloudy, light breeze 
56.3 
13.6 
1.3 
Green Valley Lake <Union) 
June 6 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 9 SECC 
August 7 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Hannen lake (Benton) 
May 22 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 22 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 21 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Hickmy Grove Lake (Stor.y) 
May 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 3 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
109 
1.0 TP 71.9 63.4 74.8 
22.3 19.1 22.6 INORGSS 21.7 18.1 21.9 
18.0 18.0 19.3 TN 1.4 1.6 1.7 
18.9 18.1 17.7 17.016.8 16.6 16.5 16.5 16.2 
sunny, calm. gentle slope, modest tree coverage 
0.8 TP 153.9 
24.0 19.7 29.8 INORGSS 4.6 
57.3 59.7 65.5 TN 1.3 
26.7 26.726.7 26.7 26.6 25.8 23.6 22.0 
153.2 
2.0 
1.7 
partly cloudy, windy, small filamentous (small 
Aphanjzomenon?) bloom, noxious blue-greens along shore 
1.3 TP 182.9 182.9 
12.1 11.9 12.3 INORGSS 5.0 5.9 
33.4 34.1 34.5 TN 1.1 1.0 
24.024.024.023.923.5 23.423.223.1 
154.5 
10.4 
1.6 
184.5 
6.1 
0.9 
mostly sunny,light breeze, bright green unicellular, small-type 
Aphanjzomenon, I...ta>tidora on filter 
1.9 TP 84.0 82.5 
9.0 6.4 5.3 INORGSS 0.0 0.0 
0.0 9.8 19.3 TN 1.4 1.1 
20.3 19.0 15.8 15.2 15.0 14.8 14.2 
clear, calm, gentle slopes, sparse trees 
1.0 TP 191.2 235.1 
12.3 12.0 10.5 INORGSS 7.1 6.0 
30.0 26.3 28.7 TN 1.9 2.0 
22.622.722.722.6 18.8 17.1 16.1 
overcast, clearing 
2.3 TP 118.3 99.9 
4.8 5.8 6.2 INORGSS 0.3 1.4 
16.4 15.5 17.2 TN 1.7 1.6 
25.6 25.5 25.1 23.1 20.5 18.1 16.6 
ov~,lightbreeze 
1.0 TP 395.4 395.4 
12.2 9.5 19.8 INORGSS 7.8 6.6 
7.5 17.4 16.0 TN 7.7 7.7 
17.7 17.6 17.5 17.3 15.6 15.3 15.0 14.5 13.4 13.2 
clear, windy, exposed, aeratOl' (or fish cage?) present 
0.7 TP 191.1 191.1 
12.0 12.3 15.6 INORGSS 0.0 0.0 
93.1 91.5 83.1 TN 6.9 7.0 
27.127.126.824.919.8 185 17.6 16.8 15.7 14.8 14.3 
mostly sunny, breezy 
82.5 
0.0 
1.0 
180.6 
6.9 
1.8 
122.9 
0.0 
1.5 
395.4 
12.3 
7.9 
191.1 
0.0 
7.1 
0.3 TP 380.9 353.6 350.5 
34.4 48.6 22.1 INORGSS 26.3 24.7 39.2 
1.2 2.3 2.3 TN 5.5 5.3 5.2 
23.723.423.1 21.5 20.8 20.1 18.7 16.7 15.3 14.4 13.5 12.6 
clear, breezy. duckweed around perimeter 
Hickory Hills Lake (Tarna) 
May 22 SECC 
Jlme 21 
July 20 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lake Icana (Adams) 
Jooe6 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 9 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 7 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Indian Ylke (Van Buren) 
May 19 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Jooe 24 
July 22 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
110 
2.9 TP 85.2 90.2 86.5 
6.7 6.0 3.8 INORGSS 0.0 0.0 0.0 
0.0 2.3 5.4 TN 1.8 1.9 2.5 
16.3 14.9 14.5 14.1 14.0 13.7 
sunny, pleasant, calm lake, gently sloping hills, modest tree 
coverage, drained 5 years ago 
0.6 TP 138.9 132.1 153.3 
19.7 16.4 12.1 INORGSS 6.1 5.3 6.5 
85.9 97.3 99.7 TN 3.2 3.4 3.1 
22.722.5 22.319.217.3 16.1 
overcast, calm. a genuine aerator present, small Aphanizomenon 
and unicellular bloom 
1.1 TP 
24.0 29.6 10.8 INORGSS 
4.8 4.5 4.7 TN 
24.924.224.021.8 19.6 17.9 
cloudy, bright green algae 
99.9 
17.7 
2.7 
103.4 
22.0 
2.8 
93.5 
3.8 
2.7 
1.7 TP 117.0 121.9 76.6 
23.9 13.9 57.5 INORGSS 21.6 13.6 52.8 
41.2 27.4 25.5 TN 2.3 2.1 2.9 
20520.1 18.3 18.1 18.1 17.9 17.3 16.9 16.6 16.2 15.1 
clear, breezy, gentle slopes, exposed, red DaphniA. drained recently 
1.2 TP 147.4 94.5 94.8 
23.4 17.6 15.4 INORGSS 7.1 3.0 0.4 
41.8 41.0 42.3 TN 1.9 1.3 2.3 
26.626.626.626.626.626.5 26.420.1 18.2 17.1 16.7 
mostly cloudy, windy, large Apbapjzomenon bloom 
0.8 TP 85.5 86.5 82.4 
22.1 20.1 14.9 INORGSS 8.8 7.0 6.8 
84.2 81.9 75.6 TN 1.5 1.6 1.6 
24.5 24.624.624.4 24.0 23.823522.921.420.8 
mostly sunny, calm. bright green unicellular bloom. some red 
zooplankton 
0.7 
21.9 19.1 13.5 
88.7 88.6 57.9 
20.920.8 18.1 17.8 
TP 
INORGSS 
TN 
206.5 
0.0 
2.1 
180.6 
0.0 
3.0 
188.9 
0.0 
2.1 
sunny, not much wind, silty and turbid, ranger said ONR killed 
lake recently, thick trees, medium-sloped sides 
~ TP 1~.4 
14.4 14.8 8.0 INORGSS 7.0 
53.5 48.3 48.9 TN 2.4 
29.7 23.9 23.1 21.2 
clear, warm 
1.9 
5.7 4.6 9.3 
5.6 7.0 6.5 
26.6 26.5 24.5 22.9 
partly sunny, breezy 
TP 
INORGSS 
TN 
128.7 
2.2 
1.2 
151.0 
9.1 
2.8 
118.8 
1.8 
1.2 
153.3 
7.1 
1.9 
117.0 
6.3 
1.2 
III 
In~h!!ID Lake (Emmet) 
June 15 SECC 0.2 TP 216.0 223.9 209.6 
TSS 79.2 87.3 73.0 INORGSS 43.7 48.1 39.9 
CHLA 80.5 92.0 71.9 TN 3.6 3.9 3.7 
TEMP 25.1 21.920.6 
NOTES partly sunny, light breeze, flat terrain, good tree coverage 
July 16 SECC 0.3 TP 206.2 204.6 193.3 
TSS 1355 52.7 56.8 INORGSS 83.7 4.5 13.8 
CHLA 83.2 74.1 72.8 TN 3.9 3.8 4.2 
TEMP 25.4 23.3 21.7 
NOTES clear, calm 
August 14 SECC 0.3 TP 164.3 167.3 165.8 
TSS 49.4 43.3 46.4 INORGSS 17.9 17.6 19.9 
CHLA 64.9 65.9 65.8 TN 3.9 3.5 3.2 
TEMP 24.023.5 21.7 
NOTES clear, breezy 
Lake Iowa (Iowa) 
May 20 SECC 2.4 TP 71.8 62.6 64.9 
TSS 5.5 0.9 2.1 INORGSS 0.0 0.0 0.0 
CHLA 13.0 6.4 11.4 TN 2.9 2.8 3.3 
TEMP 16.8 16.8 16.8 16.8 16.7 16.6 15.6 15.1 13.7 
NOTES overcast, cool, gentle hills, S and SE faces exposed 
June 25 SECC 0.6 TP 192.7 186.7 189.7 
TSS 13.4 8.8 8.8 INORGSS 11.3 12.6 12.7 
CHLA 2.3 4.8 3.1 TN 4.0 3.5 3.6 
TEMP 24.4 23.122.420.820.3 19.2 17.7 16.2 15.7 15.2 
NOTES mostly sunny, calm 
July 23 SECC 0.9 TP 59.8 61.3 68.2 
TSS 7.9 8.7 11.6 INORGSS 0.0 0.0 1.8 
CHLA 44.5 47.5 38.4 TN 2.8 2.9 2.9 
TEMP 24.4 24.2 24.123.922.2 19.6 17.5 16.5 16.0 
NOTES clear,calm 
K~t Park Lake (Johnson) 
May 21 SECC 0.7 TP 133.6 112.4 130.4 
TSS 13.7 15.0 12.6 INORGSS 2.1 2.0 0.4 
CHLA 31.8 37.5 36.2 TN 1.4 1.3 1.3 
TEMP 16.1 16.1 16.1 16.1 14.6 13.5 
NOTES overcast, cool, light breeze, gently sloping valley lake, sparse 
tree cover 
June 21 SECC 0.3 TP 201.8 189.7 238.2 
TSS 63.4 66.1 58.9 INORGSS 13.1 58.2 52.9 
CHLA 4.7 3.6 2.9 TN 1.6 1.5 1.5 
TEMP 21.922.120.2 19.3 18.7 17.8 16.8 
NOTES overcast, light breeze, smells like dead fish 
July 21 SECC 1.0 TP 106.1 83.3 108.6 
TSS 9.3 9.8 3.4 INORGSS 2.7 3.2 5.3 
CHLA 21.1 22.1 22.1 TN 1.2 1.1 1.3 
TEMP 25525.424.021.620.0 17.9 16.9 
NOTES overcast, sprinkles 
112 
Lake Keom:lb (Mahaska) 
May 20 SECC 1.0 TP 107.8 88.7 99.1 
TSS 14.8 14.7 13.1 INORGSS 0.0 0.0 0.0 
CHLA 18.8 10.5 18.8 TN 2.5 2.5 2.5 
TEMP 17.6 17.5 175 17.3 17.1 15.8 14.3 
NOTES overcast, little wind, heavy trees 
June 25 SECC 1.1 TP 104.8 117.9 121.5 
TSS 8.5 9.2 8.6 INORGSS 6.4 7.0 6.8 
CHLA 7.9 13.0 18.5 TN 3.4 3.4 3.8 
TEMP 25.4 25.3 23.4 21.3 20.2 19.1 18.3 17.8 
NOTES mostly sunny, warm, Aphanjzomenon bloom 
July 23 SECC 1.0 TP 73.5 55.5 68.5 
TSS 8.1 8.6 9.4 INORGSS 0.0 4.4 6.3 
CHLA 33.7 40.0 38.1 TN 1.6 1.7 1.5 
TEMP 28.026.024.424.022.2 19.6 18.3 
NOTES mostly sunny, light breeze 
Lake Lace~-Keosaqya Nan Buren) 
May 19 SECC 2.0 TP 46.1 36.7 49.6 
TSS 6.8 0.2 3.9 INORGSS 0.0 0.0 0.0 
·CHLA 8.6 8.6 6.7 TN 0.6 0.5 0.8 
TEMP 19.7 19.7 17.8 15.6 15.2 14.7 13.7 11.8 
NOTES windy but calm lake, nestled in steep banks in heavy trees, 
aerator (or fish cage?) present 
June 24 SECC 0.3 TP 96.8 128.3 133.6 
TSS 44.2 43.0 17.6 INORGSS 38.8 39.5 39.4 
CHLA 3.8 5.2 5.2 TN 1.3 1.7 1.6 
TEMP 30.721.220.5 20.1 20.0 19.9 19.8 19.5 14.3 12.2 
NOTES mostly sunny, cool 
July 22 SECC 0.4 TP 75.5 74.0 83.3 
TSS 30.2 26.7 23.2 INORGSS 21.8 19.1 16.5 
CHLA 10.2 9.4 12.6 TN 0.9 1.2 1.0 
TEMP 25.724.123.422.3 21.420.8 19.818.0175 
NOTES partly sunny, light breeze, slightly muddy 
Little SiOllX Park Idk~ (woodb~) 
June 14 SECC 2.6 TP 38.2 57.8 31.4 
TSS 11.5 16.3 H.8 INORGSS 5.1 9.3 5.8 
CHLA 8.2 5.3 4.4 TN 1.2 1.0 0.7 
TEMP 25.9 24.7 24.4 23.6 
NOTES partly cloudy, light breeze, exposed around shore but 
surrounded by woods, sandy bottom, greenish water, like a 
gravel pit 
July 14 SECC 3.1 TP 19.1 23.1 15.0 
TSS 17.4 7.9 17.6 INORGSS 11.7 2.9 13.7 
CHLA 4.9 3.5 4.0 TN 0.6 0.1 0.4 
TEMP 26.224.724.023.623.4 
NOTES clear, light breeze 
August 13 SECC 3.5 TP 24.6 17.8 23.4 
TSS 11.2 3.0 3.3 INORGSS 8.0 0.8 1.5 
CHLA 4.4 4.3 4.6 TN 0.6 0.6 0.6 
TEMP 26526.225.925.125.0 
NOTES partly sunny, light breeze, clear to bottom, very clear water 
Little Sl2irit Lake (Dickinson} 
May 26 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 30 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 28 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Little Wall Lake (Hamilton) 
June 18 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 13 SECC 
TSS 
CHLA 
TEMP 
NOTES 
August 11 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lost Island Lake (palo Alto} 
June 15 SECC 
July 16 
August 14 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
113 
0.4 TP 170.7 168.9 
20.6 20.8 19.8 INORGSS 9.3 9.5 
53.8 51.9 53.8 TN 3.5 3.6 
19.6 17.8 16.0 
calm, partly cloudy, no slope into lake, exposed 
0.3 TP 136.6 145.7 
70.0 62.3 57.8 INORGSS 18.3 13.2 
65.9 81.9 74.1 TN 3.8 3.4 
28.926.625.6 
clear, breezy, resident says that bacteria is a problem in local 
lakes (according to DNR), fish kills 
0.3 
56.3 35.5 37.3 
61.7 60.6 60.6 
26.1 24.7 23.0 
mostly cloudy, breezy 
1.5 
35.9 18.5 28.8 
7.4 8.3 12.1 
255 25.1 
TP 
INORGSS 
TN 
TP 
INORGSS 
TN 
sunny, light breeze, exposed 
1.5 TP 
25.0 12.3 21.9 INORGSS 
41.7 36.7 28.8 TN 
20.6 205 205 
116.1 125.5 
33.9 26.1 
2.7 2.6 
190.6 228.7 
19.5 6.4 
5.7 5.5 
169.2 
6.5 
3.1 
188.5 
0.0 
3.1 
clear, breezy, clear to bottom, small bright green algal bloom 
1.5 TP 1095 135.4 
6.6 20.2 10.5 INORGSS 2.9 14.1 
6.1 3.5 3.1 TN 2.0 2.1 
25.4 24.8 25.0 
156.3 
7.1 
3.6 
135.8 
8.8 
4.2 
115.0 
28.8 
2.7 
206.5 
16.9 
5.9 
285.2 
2.5 
3.6 
116.1 
6.0 
2.3 
partly sunny, calm, clear to bottom, very clear water, lots of clams 
1.0 
22.5 52.7 17.1 
7.1 6.0 11.1 
22.1 21.9 21.7 
TP 
INORGSS 
TN 
242.9 
14.7 
3.3 
285.8 
37.1 
3.4 
mostly sunny, breezy, flat terrain, exposed, sewage system 
installed recentl y 
1.2 
21.8 31.5 12.8 
47.0 44.6 42.5 
23.9 23.7 235 22.0 
TP 
INORGSS 
TN 
285.2 
6.3 
2.7 
228.8 
14.6 
2.5 
clear, breezy, pea soup -lots of algae, algal blobs, sandy 
bottom, lots of foam and noxious blue-greens along shore 
1.2 TP 164.3 156.7 
13.1 12.8 10.0 INORGSS 6.0 5.4 
27.6 30.3 23.9 TN 2.0 2.1 
23.6 23.6 23.6 235 
236.6 
10.1 
3.4 
224.0 
0.0 
2.5 
156.7 
4.5 
2.0 
mostly sunny, very windy, heavy foam along shore, Gleotrichia 
Lower Gar Lake (Dickinson) 
May 27 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July I SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 29 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lake MacBride (Johnson) 
May 21 SECC 
TSS 
CHLA 
TEMP 
June 21 
July 21 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Manteno Lake (Shelby) 
JuneS SECC 
July 10 
August 8 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
114 
0.5 TP 120.2 132.8 121.1 
18.3 33.0 24.1 INORGSS 12.7 22.7 16.6 
8.6 8.6 11.7 TN 2.4 2.0 2.1 
17.4 16.6 
missing 
0.4 TP 147.0 142.6 160.8 
64.4 53.5 69.5 INORGSS 29.3 19.4 41.0 
90.1 48.4 40.2 TN 3.8 3.7 3.3 
28.327.827.8 
overcast, Aphanjwmeoon bloom. muddy 
0.6 TP 340.2 220.3 195.9 
35.9 48.6 2B.2 INORGSS 9.7 16.6 9.1 
31.9 30.3 27.6 TN 3.3 3.5 2.7 
26.3 25.8 
partly cloudy, windy, Apbaniwmeuon bloom 
1.0 TP 88.4 123.4 85.6 
7.6 5.6 5.0 INORGSS 0.0 0.0 0.0 
46.4 32.1 49.7 TN 1.7 1.8 1.8 
15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.2 12.8 11.9 11.2 10.3 
9.3 8.5 8.0 
overcast, cool, steep banks with dense trees, dam face exposed 
0.2 TP 185.1 197.3 191.2 
62.2 64.8 64.6 INORGSS 15.9 56.9 58.9 
9.9 B.9 10.0 TN 3.4 3.5 3.3 
21.821.721.520.7 19.5 IB.7 17.6 16.2 15.1 13.6 12.1 10.9 10.09.1 
overcast, calm, muddy water 
1.0 TP 65.0 64.2 64.3 
9.5 17.0 7.9 INORGSS 3.5 11.6 2.5 
37.8 39.4 38.4 TN 4.6 4.5 4.5 
26.026.025.724.322.921.6 19.7 17.215.6 14.6 13.1 11.8 
11.0 10.9 10.3 
overcast, calm' 
1.0 
16.4 26.3 14.7 
31.2 28.7 31.8 
225 18.9 16.0 14.9 
TP 
INORGSS 
TN 
64.1 
12.B 
1.4 
84.2 
20.3 
1.4 
sunny, breezy, steep hills but exposed, dense submergent 
vegetation near shore 
0.9 
36.8 24.1 42.2 
94.1 42.6 54.5 
probe broken 
TP 
INORGSS 
TN 
95.9 
13.5 
1.3 
128.8 
6.1 
1.2 
overcast, windy, sparse overcast, Aphllnjzomeuon present, 
diverse aquatic vegetation along shore 
O~ TP 
21.0 32.1 16.4 INORGSS 
49.1 55.2 51.5 'IN 
23.3 22.2 21.4 20.0 
134.3 
6.7 
1.2 
143.9 
16.9 
1.2 
77.1 
11.3 
1.4 
117.3 
21.6 
1.5 
151.6 
4.8 
1.2 
mostly cloudy, light breeze, algal mats along shore, clay-like bottom 
Mariposa Lake (Jas.per) 
May 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 3 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Meadow Lake (Adair) 
June 6 SECC 
July 9 
August 7 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lake Miami (Monroe) 
May 29 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 27 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 25 SECC 
TSS 
CHLA 
TEMP 
NOTES 
115 
0.3 TP 406.9 372.4 
61.1 80.0 75.5 INORGSS 49.4 66.1 
21.4 30.1 28.7 TN 6.0 6.3 
17.8 17.8 14.6 13.8 135 
clear, wndy, exposed, fair tree coverage, muddy like a river 
0.7 TP 146.4 147.9 
21.1 20.8 20.9 INORGSS 8.5 8.6 
19.4 21.3 19.2 TN 5.9 5.7 
26.626.4 25.4 19.7 18.7 
clear, breezy 
0.8 TP 164.7 166.2 
35.7 32.7 31.5 INORGSS 24.8 23.0 
30.7 33.1 34.1 TN 3.9 4.0 
25.624.122.521.1 19.9 
mostly sunny, light breeze, small bright-green algae 
1.9 TP 63.4 55.9 
5.7 4.2 4.8 INORGSS 5.3 4.5 
8.6 13.0 15.5 TN 1.5 1.5 
17.7 17.7 17.7 17.4 16.9 16.5 16.2 
overcast, cool, gentle slopes, exposed, drawn down halfway 
(11 feet) recently and refilled. learia was drawn down. new lake 
north of Dexter (Beaver Lake), piles ofbrush everywhere 
1.1 TP 83.7 93.2 
23.7 14.7 14.7 INORGSS 9.0 0.4 
30.1 31.8 28.7 TN 1.5 2.1 
27.3 27.226.426.3 25.9 24.9 23.4 
mostly cloudy, breezy, small bright green algal bloom 
0.7 11P 110.2 114.0 
27.5 33.0 31.3 INORGSS 9.5 12.1 
54.5 60.1 64.1 TN 1.8 1.8 
25.724.1 24.023.223.022.4 
partly sunny, light breeze, unicellular algal bloom 
0.9 11P 
16.3 16.1 15.8 INORGSS 
9.0 12.5 8.2 TN 
19.8 18.9 16.7 15.5 15.0 14.4 14.0 
193.0 
9.8 
2.0 
128.6 
10.8 
1.9 
406.9 
60.7 
6.0 
147.9 
8.2 
6.1 
147.1 
21.9 
3.9 
52.7 
4.1 
1.6 
89.5 
0.0 
1.6 
111.7 
15.3 
1.6 
140.1 
10.2 
2.4 
clear, light breeze, exposed. many swamped trees in headwaters 
0.2 TP 144.0 146.4 150.2 
37.2 34.3 30.9 INORGSS 16.5 13.8 9.1 
25.7 24.0 27.2 TN 2.0 2.0 2.1 
29.228.223.922.2 20.9 19.8 
mostly sunny, hot 
0.6 11P 
19.7 18.6 18.1 INORGSS 
83.5 72.9 74.1 TN 
24.824.724.624.620.8 195 
bazy,windy 
76.1 
16.0 
1.5 
77.0 
14.6 
1.7 
73.5 
14.5 
1.5 
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Mill Creek Lake (O'Brien) 
June 13 SECC 2.2 TP 78.3 106.5 95.1 
TSS 15.0 19.1 16.6 INORGSS 9.3 12.3 9.9 
CHLA 9.2 13.0 14.9 TN 1.1 1.6 1.3 
TEMP 23.622.722.2 20.9 16.6 14.9 14.3 
NOTES clear, breezyJow slope,modest tree coverage,abuttments.np-rap 
July 17 SECC 0.9 TP 97.8 99.7 91.4 
TSS 10.1 24.0 13.4 INORGSS 16.6 29.2 0.0 
CHLA 28.8 25.5 26.9 TN 1.8 1.7 1.6 
TEMP 24.823.4 22.1 21520.8 19.8 19.1 
NOTES partly cloudy, very windy but deep area protected from wind 
August 15 SECC 0.9 TP 82.7 93.7 84.2 
TSS 27.4 16.2 15.7 INORGSS 14.5 3.1 3.1 
CHLA 61.3 57.6 54.5 TN 1.5 1.6 1.6 
TEMP 26.9 24.5 24.0 23.2 21.3 18.5 18.1 
NOTES mostly cloudy, light breeze, bright green unicellular bloom 
Lake Minnewashta (Dickinson) 
May 27 SECC 2.0 TP 109.4 116.6 109.4 
TSS 1.7 1.3 0.6 INORGSS 0.0 0.0 0.0 
CHLA 4.2 2.9 9.2 TN 2.0 3.2 2.0 
TEMP 17.1 17.1 16.415.9 15.0 14.4 
NOTES missing 
July 1 SECC 1.2 TP 60.6 58.3 66.8 
TSS 12.6 12.9 12.7 INORGSS 0.0 0.4 0.2 
CHLA 46.3 62.7 48.2 TN 1.7 1.9 1.8 
TEMP 27.827.226.925.7 22.721.0 
NOTES overcast, Aphanjzomenon bloom 
July 29 SECC 1.6 TP 174.6 205.1 284.2 
TSS 13.9 15.8 17.7 INORGSS 4.5 6.6 4.7 
CHLA 59.4 47.3 39.1 TN 3.6 2.8 2.6 
TEMP 24.2 24.2 24.2 24.2 23.9 22.0 
NOTES partly cloudy. windy, Aphanjzomenon bloom 
Moorehead Lake ada) 
June 14 SECC 0.8 TP 74.8 90.2 1075 
TSS 25.2 24.9 28.5 INORGSS 16.6 16.6 19.1 
CHLA 4.8 5.4 7.3 TN 1.6 1.2 1.5 
TEMP 24.6 23.4 22.2 20.7 15.9 14.3 12.8 12.2 
NOTES sunny, breezy, good tree coverage, hilly, massive 
Apbanj~menQll bloom 
July 14 SECC 0.7 TP 70.7 78.2 66.4 
TSS 23.5 12.7 11.6 INORGSS 8.1 0.0 0.0 
CHLA 31.8 32.3 35.5 TN 1.3 1.3 1.6 
TEMP 26.0 23.8 22.3 22.0 19.9 16.0 14.5 13.7 
NOTES clear, light breeze, small algal bloom 
August 13 SECC 1.1 TP 65.5 65.5 108.3 
TSS 15.1 15.1 11.8 INORGSS 5.1 4.9 3.5 
CHLA 26.2 23.7 22.1 TN 1.9 1.8 1.4 
TEMP 24.9 24.3 23.7 22.8 19.9 16.6 14.3 13.7 
NOTES mostly cloudy, calm, bright green unicellular bloom 
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Mormon Irail Lake (Adair) 
June 6 SECC 2.0 TP 42.6 45.1 39.2 
TSS 8.6 12.8 17.9 INORGSS 9.8 12.6 17.5 
CHLA 5.4 8.0 5.4 TN 1.2 1.3 1.0 
TEMP 18.318.318.117.116.916.716.313.911.911.010.5 
NOTES overcast, calm, gentle slope, exposed, algal bloom, lots of 
waterfowl droppings 
July 9 SECC 1.0 TP 39.4 39.9 50.7 
TSS 16.0 16.6 23.4 INORGSS 4.2 3.5 9.6 
CHLA 9.2 8.4 7.7 TN 1.4 1.1 1.2 
TEMP 27.3 27.227.226.722.4 18.2 15.914.3 13.1 12.7 12.2 
NOTES clear, breezy 
August 7 SECC 1.7 TP 31.5 30.7 32.0 
TSS 8.5 10.5 8.2 INORGSS 3.7 5.7 4.1 
CHLA 7.1 7.4 7.0 TN 0.8 0.8 0.8 
TEMP 24.724.324.023.823.620.2 165 14.3 
NOTES mostly sunny, light breeze 
Nelson Lake (Crawford) 
JuneS SECC 2.6 TP 44.7 55.0 49.4 
. TSS 7.2 2.6 11.3 INORGSS 0.0 2.0 9.7 
CHLA 6.7 6.1 2.9 TN 1.1 1.2 1.2 
TEMP 20520.3 17.7 165 14.9 13.7 11.010.1 
NOTES sunny, breezy, nestled in valley, good tree coverage, clean 
July 10 SECC 1.9 TP 70.8 58.6 63.2 
TSS 15.0 9.9 9.7 INORGSS 0.2 0.0 0.0 
CHLA 32.9 32.8 32.4 TN 1.2 1.2 1.4 
TEMP probe broken 
NOTES wind and rain, MyriQPbyllum patches emerging everywhere 
August 8 SECC 1.4 TP 53.6 57.2 57.8 
TSS 11.1 16.0 8.9 INORGSS 4.2 8.3 3.1 
CHLA 25.9 32.8 28.6 TN 1.1 1.1 1.1 
TEMP 24.023.723.6 22.9 18.7 16.2 13.6 11.9 II.8 
NOTES mostly cloudy, breezy, lake cleared up, algal mats along shore 
Nine Ead§ I .!!G (Decatur) 
June 7 SECC 1.9 TP 38.9 46.6 50.0 
TSS 11.3 15.8 18.3 INORGSS 14.2 15.9 18.8 
CHLA 9.8 8.6 9.2 TN 0.9 0.8 0.8 
TEMP 18.6 18.3 18.1 17.0 16.4 15.8 13.8 12.8 12.0 
NOTES calm, overcast, well-sheltered with trees, reddish-brown hue to 
water, fish cage/aerators present 
July 7 SECC 1.1 TP 52.0 49.4 46.3 
TSS 12.9 14.9 12.1 INORGSS 0.0 1.9 0.2 
CHLA 27.7 26.2 24.7 TN 1.6 1.3 1.3 
TEMP 28.627.226.426.1 25.424.1 19.7 18.1 17.1 15.9 13.9 
NOTES clear, windy but calm on lake 
August 5 SECC 0.9 TP 52.9 54.6 49.5 
TSS 14.2 16.5 15.1 INORGSS 6.8 8.5 7.8 
CHLA 41.1 37.1 41.3 TN 1.1 1.0 1.2 
TEMP 26.726.7265 22.3 22.021.7 21.1 19.3 16.8 15.7 
NOTES partly sunny, breezy 
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North Twin Lake {CalhOYD) 
June 14 SECC 0.7 TP 90.2 122.1 90.7 
TSS 31.5 36.5 32.5 INORGSS 17.6 19.8 21.4 
CHLA 23.0 24.9 1.7 TN 3.8 3.9 4.3 
TEMP 23.1 23.1 23.021.921.2 
NOTES clear, wind from north, flat terrain, good tree coverage but 
exposed, small unicellular algae 
July 14 SECC 0.4 TP 107.6 111.5 108.1 
TSS 64.0 60.6 61.5 INORGSS 36.7 23.1 24.9 
CHLA 123.3 117.5 116.6 TN 3.1 3.0 3.0 
TEMP 22.1 21.821.7 21.7 21.9 
NOTES clear, breezy, small unicellular army-green algae 
August 13 SECC 0.5 TP 96.7 92.9 99.9 
TSS 38.4 34.8 30.9 INORGSS 11.9 10.8 10.8 
CHLA 89.6 86.9 90.0 TN 1.9 2.2 2.1 
TEMP 24.224.1 24.023.923.0 
NOTES clear, light breeze, bright green unicellular bloom 
OWblml Lake (MQIlona) 
JuneS SECC 0.8 TP 74.8 120.2 81.6 
TSS 39.8 29.2 85.5 INORGSS 35.0 24.0 38.4 
CHLA 28.0 18.0 19.9 TN 2.1 2.3 2.0 
TEMP 20.0 19.6 18.7 16.2 15.9 15.6 14.9 14.3 
NOTES sunny and breezy, very exposed, in farmland, lots of stumps 
along shore area (in water) 
July 10 SECC 0.7 TP 88.8 88.8 8S.2 
TSS 27.6 28.0 40.9 INORGSS 6.4 7.0 21.0 
CHLA 53.0 51.3 51.0 TN 1.5 1.8 1.6 
TEMP probe broken 
NOTES overcast, breezy 
August S SECC 0.9 TP 64.7 60.S 6S.6 
TSS IS.3 14.S 15.6 INORGSS 6.5 4.3 4.6 
CHLA 27.3 26.3 26.9 TN 1.2 1.2 1.2 
TEMP 22.9 22.S 22.6 22.0 21.8 19.6 17.7 
NOTES partly sunny, breezy 
Lake Orient {Adair) 
lune6 SECC 0.6 TP 114.0 118.9 129.3 
TSS 26.1 18.1 38.6 INORGSS 20.7 13.1 33.6 
CHLA 4S.1 4S.8 49.4 TN 3.2 3.3 3.4 
TEMP 17.3 17.2 17.2 17.1 165 
NOTES clearing skies, windy, very exposed, massive ApbanjzomeJlOD 
bloom, like pea soup, lots of tightly-packed Langmuir spirals 
July 9 SECC 0.3 TP 212.6 214.3 204.6 
TSS 33.3 42.7 39.2 INORGSS 12.9 22.2 17.1 
CHLA 2S.7 31.0 29.3 TN 2.7 3.0 3.3 
TEMP 26.6 26.4 25.9 25.S 25.0 
NOTES clear, breezy 
August 7 SECC 1.0 TP 116.8 117.6 129.9 
TSS IS.2 IS.6 21.0 INORGSS 11.0 10.8 13.4 
CHLA 16.6 20.S 20.S TN 2.6 1.8 1.9 
TEMP 23.223.122.922.5 22.1 
NOTES mostly sunny, light breeze, lots of zoopl. as compared to before 
Otter Creek Lake (Tarnal 
May 22 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 22 
July 20 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Ottumwa La~mon Lake (Wapello) 
May 20 SECC 
June 25 
July 23 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lake Pahqja (Lyon) 
June 13 SECC 
July 17 
August 15 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
. TEMP 
NOTES 
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2.0 TP 115.3 112.9 
7.0 7.7 5.2 INORGSS 0.0 0.0 
16.0 22.6 14.1 TN 2.4 2.6 
18.0 15.5 14.6 14.4 14.1 13.8 13.7 13.1 
clear, calm, gently sloping hills, sparse tree coverage, small 
floating algal mats (2 sq. in.) scattered about 
0.4 TP 146.5 135.1 
30.2 37.4 18.4 INORGSS 20.0 27.7 
100.4 101.7 95.9 TN 3.7 3.8 
probe broken 
overcast, threatening, breezy, algal bloom 
0.4 TP 101.1 99.1 
28.6 25.3 24.5 INORGSS 1.5 4.5 
31.3 28.6 28.9 TN 3.4 3.4 
24.224.1 23.923.622.120.8 19.1 18.1 17.9 
overcast, showers, pea soup, massive bright green algal bloom 
0.4 TP 
30.7 27.7 31.0 INORGSS 
151.8 187.0 147.2 TN 
18.8 18.3 17.8 17.1 
376.2 
0.0 
2.8 
376.2 
0.4 
2.5 
134.5 
0.0 
2.5 
129.8 
20.8 
3.7 
100.3 
0.0 
3.6 
376.2 
0.7 
2.5 
overcast, calm water, very yellowlbrown water, steep short 
banks, tall trees, black and slimy sediment, lots of catfish caught 
0.4 TP 242.7 262.4 273.0 
33.4 30.9 17.2 INORGSS 23.2 23.3 21.8 
85.0 86.0 101.5 TN 2.6 2.6 2.9 
24.923.621.621.2 
mostly cloudy, breezy 
0.3 TP 
INORGSS 
TN 
254.2 254.2 
17.7 22.8 60.5 4.5 9.5 
79.5 78.1 79.7 2.6 2.9 
26.4 245 24.0 23.2 
mostly sunny, calm, water level up 
2.1 TP 314.3 
20.7 16.4 22.3 INORGSS 10.6 
3.6 2.9 1.1 TN 2.4 
21.721.520.1 19.7 195 19.3 17.9 15.0 14.4 
clear and windy, warm, very exposed, flat, farmland, 
314.3 
9.6 
2.1 
254.2 
58.9 
2.7 
314.3 
14.6 
1.9 
filamentous greens along shore, Aplumjromenon in pelagic area 
1.9 TP 512.3 512.3 512.3 
2.0 32.7 55.6 INORGSS 7.0 22.0 42.1 
16.5 15.2 12.9 TN 2.5 2.7 2.4 
23.223.123.022.021.721.320.6 19.5 17.5 16.2 
partly cloudy, very windy, foam on windward shore, otherwise . 
fairly clean 
0.5 TP 590.4 626.9 645.0 
76.7 37.0 38.4 INORGSS 48.7 9.2 9.2 
129.8 139.8 129.6 TN 3.4 3.1 3.6 
24.223.723.223.022.721.720.2 19.0 17.9 
clear, light breeze, small Al2bim., bright green unicellular 
Pierce Creek Pond (~e) 
June 7 SECC 
July 8 
August 6 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Pleasant Creek Lake (l.inn) 
May 22 SECC 
June 22 
July 21 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Poll miller I Me (Lee) 
May 19 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 24 SECC 
TSS 
CHLA 
TEMP 
NOTES . 
July 22 SECC 
TSS 
CHLA 
TEMP 
NOTES 
120 
0.7 
62.3 28.2 36.4 
34.3 59.4 40.6 
19.6 19.6 17.8 
TP 
INORGSS 
1N 
85.2 
55.6 
1.4 
73.6 
25.0 
1.3 
125.7 
30.8 
1.6 
thunderstorms approaching, generally exposed, fish kill recently 
(due to temperature fluctuations?) 
0.1 TP 
103.4 118.6 96.3 INORGSS 
9.9 10.4 12.5 1N 
29.6 28.9 26.0 23.8 
clear, breezy, nruddy 
188.5 212.6 
63.8 77.7 
3.4 4.4 
193.3 
61.2 
4.0 
0.05 TP 317.1 
154.6 
2.5 
305.7 310.6 
192.0 161.8 174.6 INORGSS 129.8 139.4 
54.1 14.6 27.1 1N 3.0 2.7 
27.4 25.6 22.7 22.4 
mostly sunny, breezy, muddy 
3.0 TP 68.1 57.9 53.9 
3.9 5.1 3.9 INORGSS 0.0 0.0 0.0 
8.0 9.2 6.7 1N 1.2 0.9 1.0 
15.6 14.9 14.7 14.7 14.7 14.6 14.6 14.6 14.6 14.6 14.4 14.3 
clear, calm and sunny, sparse tree coverage, gentle slopes, lot of 
~? 
2.5 
3.6 1.5 2.0 
10.5 10.5 10.7 
probe broken 
mostly cloudy, windy 
TP 
INORGSS 
1N 
64.2 
1.5 
1.5 
46.5 
2.2 
1.3 
53.6 
3.8 
1.5 
1.7 TP 39.3 39.9 44.7 
5.1 2.5 2.7 INORGSS 0.4 0.0 0.0 
147.1 100.3 123.1 1N 1.0 1.0 1.0 
24.424.5 24.6 24.6 24.6 24.022.720.9 19.0 17.1 16.1 15.6 
15.6 
overcast, calm, small bright green algae (not very dense) 
2.2 iP 74.7 81.6 
6.8 4.8 7.4 INORGSS 0.0 0.0 
9.8 8.0 11.7 1N 1.0 1.4 
18.4 18.3 18.2 17.0 14.6 12.5 10.99.59.3 
missing 
1.0 TP 115.7 115.7 
9.8 6.7 7.4 INORGSS 6.0 4.7 
20.2 18.0 12.6 1N 1.6 1.4 
28.223.322.220.117.514.412.111.210.910.8 
partly sunny, warm 
0.9 TP 71.2 79.3 
5.1 7.1 20.1 INORGSS 0.0 0.0 
53.8 55.3 66.1 1N 1.4 1.6 
25.8 25.6 24.2 22.2 18.2 14.6 12.8 11.3 10.8 10.6 
partly cloudy, breezy 
84.1 
0.0 
1.0 
114.4 
4.7 
1.6 
71.5 
20.5 
1.5 
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Prairie Rose Lak!;l (Shelb~) 
JuneS SECC 1.4 TP 84.2 74.0 70.4 
TSS 31.7 15.5 26.4 INORGSS 26.0 10.6 22.1 
CHLA 21.1 23.0 28.7 1N 2.0 2.2 2.0 
TEMP 19.7 19.6 18.4 17.9 17.4 17.1 16.5 
NOTES sunny, breezy, gentle slope, exposed, Aphanizomenon? 
July 10 SECC 0.5 TP 112.0 112.7 99.6 
TSS 34.9 35.5 33.2 INORGSS 3.8 5.1 3.5 
CHLA 129.6 148.9 150.4 1N 2.3 2.2 2.3 
TEMP 26.5 26.6 26.6 26.6 26.5 23.420.6 19.1 
NOTES overcast, showers, small bright green algal bloom 
August 8 SECC 0.8 TP 80.6 91.4 81.4 
TSS 20.2 20.4 17.4 INORGSS 7.4 7.1 5.0 
CHLA 56.6 50.1 55.9 1N 1.9 2.0 1.8 
TEMP 23.924.024.023.723.022.4 
NOTES mostly sunny, light breeze, unicellular algal bloom, red zoopl. 
Red Haw Lake (Lucas) 
June 8 SECC 3.5 TP 48.5 56.8 68.9 
TSS ll.8 7.3 7.3 INORGSS 11.4 8.5 8.9 
CHLA 0.0 0.0 0.0 1N 2.1 1.5 1.4 
TEMP 18.3 18.017.817.617.5 17.0 16.2 142 13.111.9 11.2 
NOTES overcast, breezy, showers, good tree coverage, somewhat 
exposed jumbo Daphnia 
July 7 SECC 3.2 TP 43.6 37.6 24.3 
TSS 5.7 15.8 8.9 INORGSS 0.0 7.1 1.4 
CHLA 4.2 4.3 3.5 1N 1.1 1.1 1.4 
TEMP 29.029.028.9 28.9 27.0 21.1 16.8 14.7 13.4 12.7 
NOTES clear, windy 
August 5 SECC 4.3 TP 37.5 37.5 62.6 
TSS 8.6 5.4 4.6 INORGSS 5.0 1.9 2.1 
CHLA 6.1 5.2 6.1 1N 1.0 1.3 1.5 
TEMP 25.1 25.125.124.724.1 22.4 17.9 15.0 13.5 12.2 11.9 
NOTES mostly sunny, breezy, siltation dams at head, very clear water, 
lots of Cladocera 
Rock Creek Lake (Jas.per) 
May 31 SECC 0.5 TP 208.0 227.5 204.5 
TSS 31.9 26.5 25.1 INORGSS 24.8 20.9 20.0 
CHLA 10.4 7.5 16.7 1N 7.2 7.4 7.6 
TEMP 18.7 18.7 18.4 15.6 14.3 13.8 
NOTES partly cloudy, windy, exposed, gentle slopes 
July 3 SECC 0.4 TP 188.1 188.1 188.1 
TSS 30.2 29.8 28.2 INORGSS 19.4 19.1 18.2 
CHLA 16.8 15.6 16.2 1N 7.7 7.7 7.7 
TEMP 26.7 26.224.923.220.0 19.2 18.9 
NOTES clear, breezy 
July 31 SECC 0.5 TP 103.9 99.6 98.7 
TSS 26.4 46.4 22.6 INORGSS 16.1 34.2 13.2 
CHLA 44.0 43.4 53.7 1N 7.5 7.7 7.3 
TEMP 27.023.723.4 23.1 22.220.920.5 
NOTES partly cloudy, calm, dense small bright green algal bloom, 
small~type Aphspizommon bloom 
Rod~ Park Lake (Benton) 
May 22 SECC 
June 22 
July 21 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Silver Lake (Delaware) 
May 21 SECC 
June 21 
July 20 
. TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Silver Lake (Dickinson) 
May 26 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 30 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 28 SECC 
TSS 
CHLA 
TEMP 
NOTES 
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0.3 TP 376.2 376.2 376.2 
33.9 41.9 37.9 INORGSS 20.7 28.9 25.9 
8.0 6.1 6.1 TN 7.5 7.8 7.4 
15.6 13.4 13.4 13.1 12.7 12.3 
mostly sunny, calm, water looks muddy like a river, shallow 
slope, ends exposed, trees elsewhere 
0.05 TP 485.4 570.2 515.7 
3065 315.8 288.5 INORGSS 262.8 271.1 250.0 
1.7 3.3 5.0 TN 7.3 7.3 6.8 
probe broken 
hailstorm., very nruddy 
0.6 TP 104.9 90.7 101.9 
16.3 19.9 18.8 INORGSS 9.8 0.3 11.4 
47.0 44.6 42.5 TN 14.3 14.2 14.9 
23.1 22.5 20.3 19.3 18.6 17.6 
overcast, light breeze, some duckweed present 
0.5 TP 431.4 446.1 405.5 
20.5 23.2 19.5 INORGSS 3.8 2.3 3.2 
77.5 130.8 144.1 TN 2.8 2.9 2.9 
14.3 14.1 13.0 
cool breeze, overcast, successional vegetation levels, dense CeratQPhyllum 
emergents, looks like river water, carp, lake level down, springs plugged up 
with clay by local officials, spillway problems, a good lake 2-3 years ago 
1.5 TP 734.5 686.0 686.0 
4.4 5.1 5.2 INORGSS 0.4 1.1 5.1 
18.0 18.5 16.4 TN 3.8 4.8 3.9 
22.6 22.2 20.6 
overcast, breezy, large duckweed mats, dense Cerato.phyllum, 
bullrushes along shore 
0.5 
15.7 12.9 34.3 
145.5 163.1 186.3 
28.9 22.9 19.5 15.6 
TP 
INORGSS 
TN 
724.0 599.9 
0.1 0.0 
2.6 2.4 
partly smmy, breezy, dense I.&mIm over windward half of lake 
0.6 TP 107.6 101.3 
17.5 21.8 17.7 INORGSS 9.9 12.4 
45.0 45.6 45.6 TN 2.2 1.8 
18.0 15.7 15.3 145 
partly cloudy, light breeze, lake is fairly exposed 
0.4 TP 92.7 80.2 
30.4 32.3 36.9 INORGSS 10.3 12.0 
25.4 23.1 26.0 TN 2.5 2.9 
27.827.327.225.1 
mostly sunny, breezy 
0.3 TP 1155 116.1 
6.8 48.7 37.6 INORGSS 27.6 38.6 
39.3 36.5 39.0 TN 2.4 2.4 
25.423.1 23.1 22.8 
clear, light breeze, sparse AphanilOmenon 
736.2 
4.0 
3.0 
99.5 
9.5 
2.1 
120.6 
17.0 
3.0 
115.6 
26.2 
2.3 
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Silver Lake (Palo Alto) 
June 15 SECC 0.2 TP 287.3 279.4 222.3 
TSS 75.4 75.3 76.5 INORGSS 44.9 46.1 49.0 
CHLA 117.2 122.2 126.0 1N 3.4 3.7 4.3 
TEMP 21.421.420.8 
NOTES sunny and windy, flat terrain, exposed 
Ju1y 16 SECC 0.2 TP 180.5 177.2 183.7 
TSS 42.6 43.2 41.7 INORGSS 10.3 10.5 13.8 
CHLA 166.1 116.7 164.1 1N 3.4 3.3 3.2 
TEMP 23.923.7 23.5 22.0 
NOTES clear, breezy 
August 14 SECC 0.2 TP 188.3 186.8 200.4 
TSS 63.8 63.9 64.1 INORGSS 38.2 41.7 46.9 
CHLA 156.6 162.9 165.0 1N 2.7 2.9 2.8 
TEMP 23.6 23.6 23.6 23.5 
NOTES clear, very windy 
Silver Lak~ (Worth) 
May 28 SECC 0.4 TP 203.1 224.8 251.8 
TSS 15.6 5.6 10.0 INORGSS 0.0 0.0 0.0 
CHLA 34.0 52.8 44.3 1N 3.0 3.0 3.5 
TEMP 18.7 16.6 
NOTES clear, calm, yello-brown water, lots of marshy areas, sediments 
(dark brownlblack) kick up when rowing, very flat terrain, 
filters clogged 
June 29 SECC 0.5 TP 151.7 154.8 177.5 
TSS 17.S 13.9 14.3 INORGSS 2.9 0.4 1.5 
CHLA 11.2 10.2 8.9 1N 5.3 5.2 5.1 
TEMP 29.726.7 
NOTES mostly sunny 
July 27 SECC 0.8 TP 8S.1 110.3 11S.4 
TSS 12.7 25.9 10.8 INORGSS 6.S 14.4 5.3 
CHLA 17.9 19.2 IS.5 1N 2.4 2.7 2.5 
TEMP 23.922.5 
NOTES partly sunny, breezy, very clear to bottom 
Still Bluff Lake (Decatur) 
JuneS SECC 0.4 TP 82.7 95.2 102.2 
TSS 44.4 44.2 48.8 INORGSS 41.1 43.0 47.4 
CHLA 10.5 8.6 10.5 1N 1.1 1.1 1.1 
TEMP 17.917.7 16.S 155 13.3 12.3 11.3 10.6 
NOTES overcast, fog, good tree coverage, like river water, lots of 
Canada geese, a few flooded trees 
July 7 SECC 0.7 TP 67.6 74.0 70.8 
TSS 36.9 39.8 32.1 INORGSS 16.0 22.9 16.0 
CHLA S.2 7.8 7.9 1N 1.2 1.5 1.4 
TEMP 29.228.824.9 17.4 14.S 12.8 11.8 11.5 
NOTES mostly sunny, windy 
August 5 SECC 0.9 TP 60.4 56.2 60.4 
TSS 26.9 24.4 29.3 INORGSS 18.5 16.6 21.S 
CHLA 9.9 9.9 9.9 1N 0.7 0.8 1.0 
TEMP 25.8 25.3 24.0 19.3 16.0 13.5 11.8 11.2 
NOTES partly sunny, breezy, clay-like colored water 
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Smith Lake (Kossuth) 
June 15 SECC 0.2 TP 274.7 285.8 285.8 
TSS 49.0 45.2 41.3 INORGSS 19.5 13.7 11.7 
CHLA 232.3 196.0 211.7 TN 5.1 5.6 5.7 
TEMP 22.822.822.522.021.4 
NOTES partly cloudy, breezy, flat terrain, prairie park lake, fluorescent 
green water, grass carp introduced, weeds absent 
July 13 SECC 0.3 TP 240.1 240.1 224.0 
TSS 51.5 49.8 47.6 INORGSS 21.0 21.6 21.0 
CHLA 214.8 215.0 213.4 TN 8.5 7.6 7.3 
TEMP 23.1 22.2 21.0 20.8 21.1 
NOTES clear, breezy 
August 11 SECC 1.1 TP 186.8 192.9 189.9 
TSS 19.3 22.5 18.5 INORGSS 13.1 13.4 12.4 
CHLA 27.2 23.4 23.1 TN 5.3 4.4 4.4 
TEMP 25.3 24.2 23.3 22.5 21.9 
NOTES mostly sunny, breezy, some noxious blue-greens along shore, 
tiny Aphanizomenon 
Sprinl:: Lake (Greene) 
June 2 SECC 2.0 TP 44.0 45.1 39.4 
TSS 7.8 9.0 11.6 INORGSS 9.4 12.2 13.1 
CHLA 1.2 4.0 2.6 TN 0.9 0.8 1.0 
TEMP 20.5 20.5 20.5 
NOTES windy, rain, clear to bottom, flat terrain, good tree coverage 
July 2 SECC 1.7 TP 30.3 30.3 37.0 
TSS 13.6 10.3 11.2 INORGSS 3.5 0.6 1.2 
CHLA 6.6 7.9 6.8 TN 1.2 0.9 1.4 
TEMP 29.2 29.1 28.2 
NOTES clear, windy, clear, to bottom 
July 30 SECC 1.4 TP 41.7 26.8 30.3 
TSS 8.0 4.4 26.0 INORGSS 8.6 5.0 18.8 
CHLA 10.3 11.9 9.4 TN 0.7 0.9 0.9 
TEMP 25.225.1 24.8 
NOTES mostly cloudy, breezy 
Storm Lake (Buena Vi:2ta) 
June 13 SECC 0.4 TP 93.8 111.6 95.6 
TSS 53.2 47.7 50.0 INORGSS 36.0 31.4 36.8 
CHLA 38.7 38.7 41.9 TN 2.4 1.9 2.4 
TEMP 28.3 22.5 21.7 21.5 
NOTES calm, sunny, saucer lake 
July 14 SECC 0.7 TP 70.6 72.2 68.7 
TSS 35.0 42.5 36.7 INORGSS 21.8 30.1 24.8 
CHLA 32.1 29.0 31.4 TN 1.5 1.5 1.4 
TEMP 23.3 23.3 21.1 21.0 
NOTES clear, calm 
August 13 SECC 0.3 TP 135.7 120.3 . 116.1 
TSS 39.7 41.2 35.3 INORGSS 24.7 28.5 24.0 
CHLA 62.8 70.6 59.7 TN 1.2 1.8 1.2 
TEMP 25.5 25.4 25.1 23.7 
NOTES partly sunny, breezy 
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Sw!Yl Lake (Carroll) 
JuneS SECC 1.4 TP 185.3 185.3 189.9 
TSS 12.2 13.3 9.9 INORGSS 9.9 9.1 7.4 
CHLA 38.7 33.7 38.1 TN 2.5 2.8 2.6 
TEMP 16.5 IS.9 15.8 IS.7 IS.1 
NOTES sunny, good tree coverage but generally exposed, 
Avbanizomenon bloom 
July 10 SECC 0.3 TP 451.0 463.9 318.9 
TSS 80.9 83.3 92.1 INORGSS 7.0 9.4 21.4 
CHLA 231.9 213.5 239.3 TN 3.0 3.2 3.3 
TEMP probe broken 
NOTES overcast. breezy. drizzle. small bright green algal bloom 
August 8 SECC 0.4 TP 470.6 496.7 477.1 
TSS 37.4 S4.8 30.1 INORGSS 16.7 33.2 10.7 
CHLA 86.2 97.5 97.1 TN 2.3 2.2 2.8 
TEMP 23.4 23.4 23.0 22.7 22.4 
NOTES partly cloudy. light breeze, bright green unicellular bloom. 
smells like there's a livestock operation just beyond the dam 
Thal:er Lake (Union) 
JuneS SECC 1.3 TP 108.3 89.2 89.2 
TSS 14.1 14.0 19.4 INORGSS 13.5 14.4 20.6 
CHLA 25.5 24.9 22.4 TN 1.6 2.4 1.6 
TEMP 21.4 19.2 17.6 15.8 
NOTES mostly sunny, breezy, tall trees, marshy backwaters, redear 
sunfish 
July 8 SECC 1.0 TP 185.3 170.8 196.5 
TSS 26.4 25.1 31.8 INORGSS 7.8 12.6 8.5 
CHLA 28.7 27.7 26.0 TN 2.6 2.0 2.0 
TEMP 27.5 27.4 22.3 18.2 
NOTES clear, breezy, deeper water smells like hydrogen sulfide gas 
August 6 SECC 1.0 TP 205.8 182.9 179.6 
TSS 21.5 26.4 19.1 INORGSS 9.1 16.3 8.5 
CHLA 60.7 56.8 S8.5 TN 2.0 1.9 1.7 
TEMP 24.5 24.3 24.0 19.5 
NOTES clear, breezy, short filamentous greens 
Lake Qf Three cires (Ia)':lor) 
June 7 SECC 0.4 TP 103.0 102.8 9S.8 
TSS 31.0 34.5 29.4 INORGSS 25.6 31.5 28.0 
CHLA 23.0 19.9 19.9 TN 1.4 1.5 1.2 
TEMP 19.6 18.6 18.4 18.2 17.3 
NOTES partly sunny, breezy, good tree coverage, Aphapizomeuon and 
small unicellular algae 
July 8 SECC 0.6 TP 114.6 131.8 125.7 
TSS 20.0 20.1 19.5 INORGSS 0.0 0.0 0.0 
CHLA 129.3 132.5 130.5 TN 1.7 2.0 1.7 
TEMP 27.627.227.1 24.9 19.7 
NOTES clear, windy, unicellular algal bloom 
August 6 SECC 0.4 TP 171.4 186.2 182.9 
TSS 55.1 47.9 48.1 INORGSS 33.3 31.8 30.5 
CHLA 79.0 78.4 81.0 TN 1.8 1.7 1.6 
TEMP 24.8 24.0 23.8 23.7 22.2 
NOTES clear, light breeze, bright green unicellular algal bloom 
Tnlmbull Lake (Clay) 
June 15 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 16 SECC 
August 14 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
Tuttle Lake (Emmet) 
May 28 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 29 SECC 
July 27 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
UWQD. Grove Lake ITama) 
May 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 3 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 31 SECC 
TSS 
CHLA 
TEMP 
NOTES 
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0.4 
114.0 86.8 
114.9 162.9 
21.3 21.3 21.1 
~ 
85.8 INORGSS 
187.5 TN 
203.3 
57.4 
2.8 
185.8 
37.8 
2.9 
partly cloudy, breezy, saucer lake, very shallow, exposed 
0.2 TP 286.8 315.8 
129.0 349.7 134.0 INORGSS 46.0 252.7 
255.9 232.5 207.7 TN 3.3 3.9 
24.822.7 
clear, windy, algae-<:overed aquatic plants scattered on surface, 
lots of foam along shore 
0.1 TP 
119.0 138.0 
181.4 181.4 
22.922.5 
118.3 INORGSS 
178.4 TN 
394.7 
65.3 
3.4 
mostly sunny, very windy, heavy foam along shore 
0.2 
64.6 56.6 41.1 
172.1 105.7 177.7 
17.1 17.7 16.9 
TP 
INORGSS 
"IN 
190.5 
31.7 
4.0 
296.7 
77.7 
3.4 
199.5 
26.1 
3.8 
sunny, clear, light breeze, exposed float terrain, filters clogged 
193.8 
38.2 
2.9 
240.1 
48.0 
3.6 
283.2 
64.0 
3.5 
217.6 
15.9 
3.5 
0.4 TP 122.2 130.8 115.3 
33.7 30.9 30.6 INORGSS 6.8 4.3 5.0 
126.7 126.7 130.7 TN 7.2 7.6 7.6 
30.5 26.1 25.2 
mostly sunny, calm, bad winterkill, summerkill a few years ago, 
water just overflowed for the first time in 2 years 
~ ~ 1~~ 
73.3 65.1 67.5 INORGSS 42.3 
166.9 159.0 165.6 "IN 3.8 
25.1 24.023.4 
mostly sunny, windy 
0.7 TP 144.7 
17.2 20.1 16.6 INORGSS 8.5 
58.4 45.7 45.7 TN 9.7 
18.1 17.9 15.9 14.0 13.4 13.1 
cloudy, breezy, good tree coverage, dredge present 
0.9 TP 80.5 
13.6 11.6 13.2 INORGSS 0.0 
48.3 51.0 51.6 TN 10.1 
26.925.725.520.1 18.4 18.0 
clear, windy, dredge working at north end 
0.9 TP 123.9 
31.7 48.9 24.2 INORGSS 21.1 
58.5 58.3 62.7 TN 8.1 
27.423.322.021.5 19.9 
partly cloudy, calm 
153.3 
38.0 
3.6 
130.9 
9.5 
9.8 
80.5 
0.0 
10.3 
128.9 
39.0 
8.1 
177.7 
39.0 
3.8 
130.9 
8.0 
9.6 
82.3 
0.5 
10.4 
134.3 
14.7 
8.0 
Upper Gar Lake (Dickinson) 
May 27 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 1 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 29 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Upper Pine Lake <Hardin) 
May 30 SECC 
TSS 
. CHLA 
TEMP 
NOTES 
June 26 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 24 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Vikjn~ Lake (Mont~omery) 
June 7 SECC 
July 8 
August 6 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
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1.5 
22.8 21.2 
196.9 250.2 
17.3 17.1 16.4 
TP 
3.2 INORGSS 
255.2 TN 
224.8 
6.9 
1.7 
130.1 
4.0 
3.3 
mostly cloudy, breezy, choked with vegetation, gently sloping 
260.8 
0.0 
2.6 
0.6 TP 147.5 169.9 126.3 
26.9 25.8 25.2 INORGSS 3.0 2.8 2.9 
83.7 103.6 84.2 'IN 2.2 2.1 2.3 
28.027.4 
overcast, Aphanjzomenon bloom 
1.2 TP 
20.0 19.1 10.8 INORGSS 
74.5 89.9 93.6 TN 
25.3 25.3 24.6 
217.2 
9.9 
3.4 
partly cloudy, windy, Aphanizomenon bloom 
1.2 TP 144.7 
6.9 6.7 6.8 INORGSS 0.0 
36.5 38.6 30.8 'IN 14.8 
20.1 18.9 13.5 12.1 11.6 
clear, calm steep slopes, good tree coverage 
0.3 TP 215.4 
14.6 12.7 6.9 INORGSS 13.2 
34.3 29.6 12.7 'IN 8.0 
24.4 18.8 17.9 17.2 
clear, warm 
1.5 TP 36.4 
2.1 1.7 2.5 INORGSS 2.5 
65.4 63.2 62.9 'IN 15.7 
24.0 23.6 23.4 22.5 
partly cloudy, light breeze 
197.5 
9.9 
3.5 
124.0 
0.0 
14.6 
226.0 
13.9 
7.9 
40.6 
0.0 
16.9 
244.6 
8.3 
3.7 
135.5 
0.0 
14.7 
226.0 
12.4 
8.0 
59.2 
0.0 
16.2 
3.2 TP 110.4 85.5 69.3 
22.4 17.6 15.2 INORGSS 19.5 15.9 14.3 
9.2 13.0 15.5 'IN 1.1 1.0 1.0 
17.7 17.8 17.8 17.6 17.3 17.1 16.S 16.616.2 14.9 14.0 13.3 
12.8 
overcast, cool, giant algae/plant mats, red Daphnia, good tree 
coverage but exposed 
0.7 TP 10S.2 92.1 80.9 
16.3 22.6 50.3 INORGSS 0.0 0.0 22.1 
7S.6 74.6 75.5 TN 1.7 2.0 2.9 
30.2 29.2 285 27.2 24.0 20.4 18.7 17.2 16.6 15.8 14.4 14.3 
clear, breezy, duckweed Eckman spirals, unicellular algal bloom 
0.7 TP 85.5 93.4 84.7 
23.5 34.7 26.3 INORGSS 9.9 20.1 11.1 
100.2 99.5 98.9 TN 1.8 1.4 1.7 
24.924.1 24.023.923521.920.0 IS.1 16.7 15.6 15.1 14.S 
14.1 
mostly sunny, breezy, unicellular, small Aphapjzomeuon 
Lake Wapello (Davis) 
May 20 SECC 
TSS 
CHLA 
TEMP 
NOTES 
June 25 SECC 
TSS 
CHLA 
TEMP 
NOTES 
July 23 SECC 
TSS 
CHLA 
TEMP 
NOTES 
Lake West Okoboji (Dickinson) 
May 27 SECC 
July 1 
July 29 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
SECC 
TSS 
CHLA 
TEMP 
NOTES 
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0.9 TP 60.2 66.6 66.6 
14.1 21.3 18.5 INORGSS 0.0 5.6 0.6 
22.2 12.2 10.5 TN 0.9 0.8 0.9 
17.8 17.8 17.6 17.5 17.417.3 17.2 17.1 15.9 14.4 13.8 
overcast, moderately sloping hills, forested, yellowlbrown water 
0.9 TP 49.7 59.4 53.0 
9.2 5.1 6.7 INORGSS 5.7 7.5 8.2 
9.2 15.0 14.4 TN 0.9 1.3 1.0 
25.725.625.423.622.9 19.4 17.9 17.4 17.1 16.6 16.4 
mostly sunny, breezy 
1.1 TP 51.4 54.3 48.3 
2.4 1.0 2.3 INORGSS 0.0 0.0 0.0 
22.2 20.8 2Ll TN 0.8 0.8 0.8 
25.8 25.4245 23.923.1 22.220.7 18.0 16.9 16.2 15.9 
mostly sunny, calm 
5.0 TP 30.0 44.3 32.2 
0.5 0.9 0.8 INORGSS 0.0 0.0 0.0 
1.1 0.0 1.1 TN 0.9 0.9 0.9 
13.6 13.6 13.6 13.6 13.6 13.4 13.4 13.4 13.4 13.3 13.3 13.2 
13.213.213.1 11.9 U.8 11.8 11.7 11.7 11.4 11.2 11.2 11.2 
11.2 ILl ILl ILl 11.1 11.1 11.1 11.1 ILl 11.1 ILl ILl 
lLll1.11Ll11.111.11Ll11.1 
mostly cloudy, breezy 
5.0 TP 22.6 21.8 20.0 
3.2 3.4 2.5 INORGSS 0.0 0.0 0.0 
3.3 3.3 2.3 TN 0.8 0.7 0.7 
24.124.224.224.023.622.822521.720.820.3 19.8 19.5 
19.4 185 18.2 17.8 17.2 16.7 16.4 16.2 16.0 15.8 15.7 15.5 
155 15.4 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.2 15.2 13.7 
13.6 13.6 13.6 13.6 13.6 13.6 13.4 
overcast, breezy 
4.5 TP 43.2 34.9 25.4 
3.5 8.8 5.4 INORGSS 3.3 7.2 3.5 
26.9 27.2 24.3 TN 1.1 0.8 0.8 
22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 
22.822.822.7 20.7 18.2 17.5 16.6 16.1 16.0 15.8 15.7 15.7 
15.7 15.6 155 15.5 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 
15.4 15.4 15.4 15.3 15.3 15.3 15.3 
partly cloudy, windy, some Aphanizomeooo present 
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Williamson Pond (!.ycas) 
June 8 SECC 0.1 TP 279.2 286.8 285.2 
TSS 174.4 150.6 150.0 INORGSS 168.4 146.8 148.4 
CHLA 0.9 2.2 3.4 TN 4.4 4.9 4.5 
TEMP 17.8 16.6 16.5 16.2 15.4 13.6 
NOTES clearing off. breezy, good tree coverage, duckweed along shore, 
nruddy water 
July 7 SECC 0.05 TP 499.3 476.8 505.8 
TSS 185.2 175.0 180.0 INORGSS 124.4 111.2 124.8 
CHLA 1.6 2.3 4.1 TN 3.8 4.1 4.1 
TEMP 28.627.5 26.9 19.9 18.9 18.0 
NOTES clear. breezy, muddy 
August 5 SECC 0.05 TP 405.1 418.2 320.4 
TSS 136.6 131.6 131.7 INORGSS 107.2 104.8 108.8 
CHLA 4.1 4.5 3.6 TN 2.6 2.5 2.4 
TEMP 24.823.4 23.1 21.3 19.3 18.1 
NOTES mostly sunny, light breeze. muddy 
Willow Lake (Harrison) 
JuneS SECC 2.8 TP 47.5 68.4 100.5 
TSS 38.0 18.8 19.9 INORGSS 33.1 16.8 16.9 
CHLA 19.9 14.2 18.6 TN 1.8 1.1 1.8 
TEMP 19.2 18.8 18.0 165 15.9 14.0 12.5 
NOTES sunny, breezy, exposed, stumps and trees in water everywhere, 
good crappie lake, PotamQ~eton everywhere on shoreline 
July 10 SECC 1.4 TP 57.1 73.4 52.6 
TSS 18.4 12.3 18.3 INORGSS 0.0 0.0 0.5 
CHLA 31.6 26.2 27.4 TN 1.5 1.2 1.5 
TEMP 26.4 26.6 26.6 24.9 18.3 16.1 15.9 
NOTES overcast, calm 
August 8 SECC 1.5 TP 62.9 81.7 61.1 
TSS 10.5 15.7 11.3 INORGSS 1.8 6.7 2.9 
CHLA 81.9 56.7 53.1 TN 1.0 1.2 1.0 
TEMP 24.1 24.023.823.420.3 16.5 14.0 12.8 
NOTES mostly sunny, breezy 
Wilson Lake (Lee) 
May 19 SECC 2.6 TP 65.3 55.2 55.2 
TSS 5.3 9.1 5.1 INORGSS 0.0 0.0 0.0 
CHLA 17.8 36.3 42.1 TN 1.1 1.2 0.9 
TEMP 20.319.417.815.313.5 11.1 9.4 8.4 7.7 
NOTES missing 
June 24 SECC 2.0 TP 54.5 62.0 47.3 
TSS 6.8 8.2 1.6 INORGSS 4.0 5.7 4.7 
CHLA 12.2 10.4 8.2 TN 1.2 1.2 1.4 
TEMP 28.7 24.4 23.6 21.2 16.9 135 10.9 
NOTES mostly sunny, light breeze 
July 22 SECC 1.1 TP 30.9 28.8 ·27.9 
TSS 5.8 8.0 4.9 INORGSS 3.1 10.7 0.0 
CHLA 7.2 4.7 4.0 TN 0.8 0.8 0.8 
TEMP 26525.524.823.3 17.8 14.3 11.5 10.1 9.29.0 
NOTES mostly sunny, breezy 
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Wilson Lake {Ta}:lor) 
June 7 SECC 1.2 TP 61.0 52.7 58.3 
TSS 20.6 23.6 13.4 INORGSS 19.9 23.5 14.3 
CHLA 18.0 15.5 13.6 TN 1.2 1.2 1.3 
TEMP 18.4 18.1 18.1 17.5 17.2 17.0 16.2 
NOTES mostly overcast, light breeze, shallow slope, exposed, algae like 
Three Fires, lots of filamentous greens along shore 
July 8 SECC 0.5 TP 58.1 74.5 64.2 
TSS 16.0 16.3 10.8 INORGSS 0.0 0.0 0.0 
CHLA 68.8 65.7 54.0 TN 1.6 1.4 1.4 
TEMP 26.8 26.6 26.5 24.0 20.0 18.2 17.3 
NOTES clear, breezy, unicellular algal bloom, redlbrown algae along 
shore 
August 6 SECC 0.8 TP 74.9 67.7 68.0 
TSS 23.2 20.9 23.5 INORGSS 10.2 9.2 11.2 
CHLA 48.6 47.4 48.8 TN 1.5 1.3 1.3 
TEMP 23.923.723.722.820.2 18.1 17.5 
NOTES clear, breezy 
Windmill Lake (Ia}:lor) 
June 7 SECC 0.7 TP 144.1 126.4 138.5 
TSS 21.7 18.8 23.1 INORGSS 14.4 11.7 16.1 
CHLA 107.8 116.0 112.7 TN 2.0 2.1 2.7 
TEMP 19.1 18.9 18.9 18.9 18.7 17.2 
NOTES calm, overcast, gentle slopes, exposed, poor tree coverage, 
massive Aphanizomenon bloom 
July 8 SECC 0.7 TP 117.8 121.7 120.1 
TSS 14.9 12.6 12.9 INORGSS 0.0 0.0 0.0 
CHLA 109.1 107.0 107.1 TN 1.9 1.9 1.9 
TEMP 27.6 27.1 26.8 26.4 26.0 22.9 
NOTES clear, breezy, unicellular algal bloom 
August 6 SECC 0.7 TP 86.2 101.0 99.6 
TSS 20.8 19.2 22.4 INORGSS 6.9 5.6 8.9 
CHLA 74.9 74.9 71.1 TN 2.1 1.7 1.9 
TEMP 26.0 24.9 24.4 24.2 24.1 22.2 
NOTES clear, light breeze, bright green unicellular algal bloom 
Yen Rou Qis Lake (Keokuk) 
May 20 SECC 4.5 TP 41.5 35.6 43.7 
TSS 4.2 0.8 3.4 INORGSS 0.0 7.1 0.0 
CHLA 3.1 0.0 2.2 TN 0.7 0.5 0.7 
TEMP 18.3 18.3 18.2 17.1 15.1 13.7 13.0 12.4 
NOTES old quarry, hills on west side, opal-colored water 
June 25 SECC 3.1 TP 43.6 40.3 27.1 
TSS 4.3 2.3 0.5 INORGSS 2.7 1.7 0.2 
CHLA 2.4 3.5 3.1 TN 0.8 0.8 1.0 
TEMP 26.625.724.4 23.6 22.4 19.4 17.1 IS.8 IS.2 
NOTES partly sunny, breezy 
July 23 SECC 4.0 TP 18.7 21.9 18.7 
TSS 12.8 S.9 3.2 INORGSS 12.9 5.6 0.5 
CHLA 4.0 3.6 4.9 TN 0.7 0.5 0.7 
TEMP 26.125.4 2S.3 25.1 24.821.7 17.7 IS.0 
NOTES clear, light breeze 
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APPENDIX B. PHOSPHORUS LOADING PARAMETERS 
The following tables contain the data used for predicting total phosphorus in the section on 
phosphorus loading models. The first page listed for a given lake contains data on the lake's 
morphometric variables, which are used in the calculations for both years. The page following 
contains calculated model variables and predicted total phosphorus values for 1979. The third 
page contains calculated model variables and predicted total phosphorus values for 1990. 
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